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Abstract 
Reaction of ~-aminothiols with 2-acylbenzoic acids affords the thiazoloisoindolinones (1) as 
single diastereoisomers when using chiral non-racemic aminothiol substrates. Attempted 
diastereoselective enolate alkylation of (1) led to the formation of the S-alkylated products 
(2). Treatment of the sulphoxides of (1) with common Pummerer activators gave novel ring 
expanded compounds (3). 
o 
o=lS: 
R' 5 (1) 
o 
A cyclisation reaction has been used to generate the pyridoisoquinoline ring system (4) from 
readily available bicyclic lactam precursors (5). Enamides (6) were accessed upon cyclisation 
of the appropriate lactam precursors instead of the desired tetracyclic isoquinolines (7). 
The cyclisation of isoindolinone (8) furnished isoindoloisoquinoline (9), the further 
manipulation of which accessed an isomer ofnuevamine.(10). 
,'-', 
OCH3 0 OCH3 0 
"~~':J' H3CO ,--OH- H3eo ./ 
H b (9) (10). (8) 
o~o o~o 
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Introduction 
Introduction 
1.1 The Increased Reactivity of N-Acyliminium Ions over Mannich 
Iminium Ions 
Throughout the last two decade& the use of iminium ions in synthesis has emerged as a 
powerful tool in carbon-carbon bond forming reactions. I So-called "iminoalkylation 
reactions" between inter- and intramolecular nucleophiles and Mannich iminium ions of the 
type (11) have been used to introduce additional functionality at the imino carbon atom. 
Furthermore the substitution of an acyl group (-COR) at the nitrogen (generating the N-
acyliminium ion (12» renders the Mannich intermediate more reactive towards attack by an 
incoming nucleophile. By giving the imino carbon a more cationic character (11) becomes 
more susceptible to nucleophilic attack resulting in the formation of the product species (13). 
As a result N-acyliminium ions are more reactive than the corresponding iminium ions. 
Iminium ions will only participate in amidoalkylation reactions involving highly activated 
aromatics such as phenols2 whereas the corresponding N-acyliminium ion will react with 
nitrobenzene which is considered to be a poor nucleophile? Reactions in which N-
acyliminium ions are quenched by addition of a nucleophile are generally termed 
amidoalkylation reactions. 
Nucleophile (Nu) RZ l 
--------J ..~ Nu~N 
(11); R = H, alkyl 
(12); R = (-COR) 
R3 \ 
(13) 
Further evidence of the increased electrophilicity of N-acyliminium ions becomes apparent 
upon examination of the 13C NMR spectra of iminium and N-acyliminium salts4 A 
significant downfield chemical shift difference (around 5ppm) is observed on going from the 
N-methyl substituted iminium ion to the N-acetyl substituted acyliminium species. 
N-Acyliminium intermediates have been observed in dynamic NMR studies.5,6 At -55°C in 
the presence oftriflic anhydride, the alkoxycarbamate (14) produced a clean spectrum of the 
intermediate species (15) upon treatment with a Lewis acid (Scheme la).5 
Introduction 2 
Lewis acid 
(14) (15), observed by !3C NMR 
Scheme la 
(18) 
Scheme Ib 
Heaney has also recorded the BC NMR spectrum of the N-acyliminium species (17).6 
Treatment of the bis(homoallyl)hydroxylactam (16) with BF3.OEt2 at ambient temperature 
produced (17) (Scheme Ib) which, in turn, is slowly converted to the fluoro compound (18). 
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Structurally, N-acyliminium ions differ from their iminium counterparts by only one carbonyl 
unit. The remaining structural similarity means that comparison between the two types of 
intermediates is inevitable. However, as previously discussed, this structural similarity 
translates into a marked difference in reactivity, a difference that has been demonstrated by 
Boekelheide and co-workers during their synthesis of the erythrina alkaloid products (21) 
and (24) (Scheme 2).7 The keto amide precursors (19) and (22) under acidic conditions 
generated the N-acyliminium ion precursors (20) and (23). Intramolecular cyclisation of the 
1t-nucleophile contained within (20) and (23) resulted in the formation of the desired alkaloid 
products as highlighted in Scheme 2. 
Scheme 2 
Boekelheide's attempts at inducing similar cyclisations in the corresponding iminium species 
(25) with a view towards generating the saturated erythrina alkaloid product (26) were 
fruitless, as were Rischke's attempts at cyclising the iminium salts (27) and (28)8 (Scheme 
3). 
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.. 
(25) (26) 
(28) 
(27) 
Scheme 3 
It is worth mentioning at this point that the above alkene and iminiumlN-acyliminium 
cyclisation processes are in principle reversible processes. The product of an N-acyliminium-
alkene cyclisation is an amide and is therefore less susceptible to reversal (a "Grob 
fragmentation") than analogous iminium ion-alkene cyclisations,9 the products of which are 
amines. Thus the more general synthetic application of N-acyliminium ions over the iminium 
species during the last two decades can be largely attributed to the irreversibility of 
transformations involving N-acyliminium species as e1ectrophiles. 
1.2 Structure and Reactivity Correlations of N-Acyliminium Ions 
1.2.1 Mechanistic Aspects 
A description of the mechanism of N-acyliminium ion formation and their subsequent 
reaction with an incoming nucleophile is given in Scheme 4a. The precursor (29) results in 
the N-acyliminium species (30) through acid activation1 Nucleophilic (Nu) addition onto the 
imino carbon of the latter furnishes the amidoalkylated species (31). Mechanistically the 
reaction is highly reminiscent of a SN I-type process,1O for example the reaction of 2-bromo-
2-methylpropane (32) with water giving alcohol (35) via carbocation (33) (Scheme 4b). 
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ft ?R acidic 0 Nu ft ru 0 ?H 11 0 / 11 
-c-rr -c-r=\ • -C~N-C- -c-rf-
catalyst I I 
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To achieve a faster amidoalkylation reaction, two extreme kinetic situations can, be 
established.3 The rate limiting step (rls) can either be a) the formation of the more stable N-
acyliminium ion, or b) reaction of the N-acyliminium ion with the nucieophile. 
It has been found that the latter case (where the reaction of the N-acyliminium species with 
the nucieophile is rate limiting) applies to reactions of a-hydroxy amides «36); R = H, 
Scheme 4a). These reactions have to be carried out in strongly acidic media such as 
concentrated sulfuric acid with relatively unreactive aromatic nuc1eophiles. Conversely with 
mildly reactive nuc1eophiles, only mildly acidic conditions are sufficient to bring about 
amidoalkylation.3 This scenario, where the formation of the N-acyliminium ion is the rate 
limiting step applies most notably to intramolecular amidoalkylations and other more 
intricate cyclisation processes. l 
In summary, different strengths of acidic media are required to activate any given precursor 
to its corresponding reactive N-acyliminium ion depending on the nature of the substrate and 
incoming nucleophile. 
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1.2.2 Structure versus Reactivity of N-Acyliminium Ions 
A good practical example of the relationship between N-acyliminium ion structure and 
reactivity was provided by Malmberg and Nyberg, II who have commented on the relative 
rates of reactivity of the methoxy amides (37)-(40) towards arylation with 1,3,5-
trimethoxybenzene in the presence of AlCh as catalyst. The products of these reactions being 
the corresponding 2-aryl substituted species (41)-(44) respectively. The reaction is 
represented in Scheme 5. 
O~OCH3 
I CH, 
(37) 
~OCH3 
OAH 
~. 
-------------------
_~9-)----------(-40-)--~~ 
Y 
cat. Alel3 
A ( Q-N ~H CQ\ O~H ~ /. NyO I OAH oAH CH, H H 
(41) (42) (43) (44) 
SchemeS 
The results of Malmberg and Nybergll indicated that the order of reactivity appeared to be 
(37) : (38) : (39) : (40) z 30 : 4.5 : 1 : 200. Based on the mechanistic aspects of N-
acyliminium ion formation discussed previously, the most stable ion appears to be the one 
derived from (40) due to favourable conjugation with the aromatic ring. Of the two five 
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membered N-acyliminium ions, derived from (37) and (38), the former appears to be a 
precursor to the more stable ion as conjugation with the carbonyl is always present. In the 
case of the N-acyliminium ion derived from (38) conjugation with the carbonyl is available in 
only two carbonyl conformers. 
Ring size also influences the rate of reaction of an N-acyliminium ion with a nucleophile as 
the presence of a double bond in the N-acyliminium ion of (38) (a five membered ring) is 
energetically more favourable than a double bond in the corresponding six mernbered N-
acyliminium ion derived from (39).11 
Thus the order of reactivity of N-acyliminium ions in synthesis is directly proportional to 
their stability. The order of the reaction rate increases with the stability of the N-acyliminium 
ion. 
1.3 Generation of N-Acyliminium Ions and Synthesis of their Precursors 
N-Acyliminium ions are generated from the appropriate precursor through acid activation. 
The acid catalyst can be either a protic or Lewis acid. The five principle methods of N-
acyliminium ion generation are listed below and summarised in Scheme 6. 1 
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Route B - The N-Protonation of N-Acylimines 
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1.3.1 The N-Acylation of Imines 
The addition of a reactive carboxylic acid derivative to an imine and activation of the 
resulting chloroamide product is a method of N-acyliminium ion generation. 12 Specifically N-
acetylation of benzaniline (45) with benzoyl chloride (46) affords the chloroamide (47) 
(Scheme 7). Lewis acid activation of (47) generates the corresponding N-acyliminium ion 
(48).12 The inclination of this system towards N-acyliminium ion formation is manifested by 
the exploitation of the weak carbon-chlorine bond of(47). 
(45) (46) (41) (48) 
Scheme 7 
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1.3.2 TheN-Protonation ofN-Acylimines 
Treatment of the N-acylimine (49) with fluorosulfonic acid-antimony pentafluoride ("magic 
acid") generated the N-acyliminium species (50) via N-protonation,13 and Lewis acid 
activation of acylimine (51) generates N-acyliminium ion (52).4 The generation of these two 
cationic species is schematically represented in Scheme Sa and Scheme Sb respectively. 
"magic acid" 
(49) (SO) 
Scheme Sa 
(51) (52) 
SchemeSb 
(53) 
SchemeSc 
This method of N-acyliminium ion generation has found no actual synthetic application 
owing to the instability of the precursor N-acylimines which, where possible, undergo 
tautomerisation to the corresponding enamides (53) as illustrated in Scheme Se. 
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1.3.3 Electrophilic Addition to Enamides 
Enamides themselves are useful precursors for the preparation of N-acyliminium ions. 
Generally formed from the acylation of an imine (54) with an acid chloride (55) they are 
stable in basic and neutral environments. In acidic conditions however, rate determining N-
protonation occurs14 generating an N-acyliminium ion (58) via electrophilic addition of a 
proton to the enamide (57) (Scheme 9). 
-HCI '- l)l° 
---..,. r/ 'f R 
CH3 (54) 
(56) (57) 
(58} 
Scheme 9 
1.3.4 The Oxidation of Amides 
The electrochemical removal of a hydride ion from the a.-carbon atom of an amide instantly 
results in the formation of an N-acyliminium ion. Noteworthy examples include the anodic 
oxidation of carbamates15 (59) (Scheme lOa) and the anodic methoxylation of N-
acylpiperidines andN-acylmorpholinesl6 (62) (Scheme lOb) amongst others. 17,18 
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C::lCH3 C140H,25°C, C:lCH, J~CH3 ... ... 
OAH Voltage a~ ~H 
(62)~X=C, 0 (63) (64) 
Scheme lOb 
The mechanism of these electrochemical reactions is outlined in Scheme 11 using the 
hypothetical species (65) Initial removal of an electron from the lone pair of nitrogen 
generates the cation radical (66). The removal of a second electron and a proton from (66) 
affords the N-acyliminium ion (67) which can be trapped with a nucleophile (CH10j 
furnishing the a-methoxYrated amide (68) (Sclieme 11). t 
o 5: 3 o J: 3 o R3 8 )le. R -,f'2 R,)l~R4 -e R,)lN :~ • R" N" R"' ... 
12 12 -H+ 12 R R R 
(65) (66) (67) 
CH30H 
a Ff3ca 3 
Rf)lN*:4 
12 R 
(68) 
Scheme 11 
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1.3.5 The Heterolysis of Amides 
Perhaps the most widely employed and consequently the most synthetically useful procedure 
for the generation of N-acyliminium ions is the heterolysis of amides (Scheme 12) bearing a 
leaving group X on the a-carbon atom (with respect to nitrogen). 
8 
acid or heat ft ,: I 
..:_::======:::h::- ~~R2 
kl 
(69) x = P, N, S, 0, halogen (70) 
Scheme 12 
Consider the hypothetical amide (69) of Scheme 12 containing a variable substituent (X) at 
the imino carbon. Through acid or thermal activation the corresponding N-acyliminium ion 
(70) can be generated. Examples of leaving groups include halogen, nitrogen, phosphorus or 
sulfur based substituents.! However perhaps the most popular substituent used to form an N-
acyliminium ion via the heterolysis of amides are those where X is an oxygen based 
substituent and Bronsted or Lewis acids can be used to bring about the transformation to the 
N-acyliminium ion. i 
1.4 Intramolecular Amidoalkylations with Aromatic n:-Nucleophiles 
1.4.1 General Aspects 
Although intermolecular amidoa1kylations have received as much literature documentation3,19 
as their intramolecular counterparts, the work discussed in the Results and Discussion chapter 
of this thesis is concerned with amidoalkylations of the intramolecular variety. This particular 
subsection aims to briefly describe the principle aromatic nucleophiles used to effect 
intramolecular cyclisations onto N-acyliminium ions. As one can appreciate, the literature 
precedence ascribed to this type of reaction is equally immense. Consequently this list is not 
meant to be exhaustive and only the key cyclisation step is illustrated in each case. 
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The quenching of an N-acyliminium ion by an electron rich moiety contained within the same 
molecule was first reported by Einhom in 190520 (Scheme 13). The intramolecular alkene 
unit of (71) acts as a 1t-nucleophile furnishing the cyclised product (72). 
o @}sR 
lC~R 
R~ 
R 
(71) 
o 
_-_H_+ _ .. Jg~ UAR 
6-endo-trig R' R 
eycliSfllifm R· 
R 
(72) 
Scheme 13 
It is not surprising that subsequent intramolecular cyclisation reactions of this type employ 
the use of an electron rich aromatic ring as the 1t-nucleophile. Due to the reactive nature of 
the benzene ring and its propensity for substitution (leading to enhanced/diminished 
reactivity as required), numerous polycyclic ring systems and natural product systems have 
been accessed via intramolecular amidoalkylations with 1t-nucleophiles. 
1.4.2 The Benzene Ring as :n-Nucleophile 
The erythrina skeleton (74) has been obtained21,22 by ring closure of the N-acyliminium 
species (73) as outlined in Scheme 14. 
(73) (74) 
Scheme,14 
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A route towards tricyclic tertiary amides of the type (77) was devised by Winn and Zaug23 
from the hydroxy amide (75). Acid activation of the latter leads to the N-acyliminium ion 
species (76) which is quenched by intramolecular nucleophilic attack of the benzene ring 
(Scheme 15). 
~: 
(75); R = H, -OCR3 (76) 
R R 
(77) 
o 
nuevamine 
Scheme 15 
In the same publication a route towards the nuevamine skeleton is described?3 Previous and 
current syntheses of this natural product and its skeleton are discussed more extensively in 
Chapter 2, Section 2.7. 
1.4.3 The Indole Ring as n-Nucleophile 
The indole containing hydroxy amide (78), the immediate precursor towards the tetracyclic 
(80) has been accessed (Scheme 16) via the cyc1isation of the indole portion of the cationic 
species (79) onto the imino carbon.24 
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Scheme 16 
The increased nucleophilicity of the indole ring compared with the benzene ring has been 
used in the synthesis of the indole containing yohimbine-2S and strychnine-type alkaloids26 
(82) via cyclisation of species (81) (Scheme 17). 
.. OcJ;l-f.O HH~. 
(81) (82) 
Scheme 17 
1.4.4 The Thiophene Ring as n-Nucleophile 
The diisoindolothienodiazepines (85) prepared by Decroix and Pigeon utilise sulfur-
containing heterocycles in the key cyclisation step towards these targets. Treatment of the N-
methylthiophene hydroxylactam (83) with TFA effected its cyclisation (via intermediate 
(84» to the target molecule (85) (Scheme 18).27 
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1.4.5 Other 1t-Nucleophiles 
The alkaloid natural products epiluphine (86) and perhydrohistrionicotoxin (87i8 (illustrated 
in Scheme 19a and 19b respectively) were accessed via the cyclisation of the furan ring as 
the intramolecular n-nucleophile. Fonnic acid activation of the appropriate precursors «88) 
or (91» furnished the desired precursors (90) or (93) via cyclisation of acylirninium species 
(89) or (92) respectively. 
(86) (87) 
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HCOOH 
.. 
H 
NH 
(93) 
o (91) o 
perhydrohistrionicotoxin (87) 
Scheme 19b 
The usually unreactive pyridine nucleus has also been used as a n-nucleophile in the 
preparation of the tetracycle (94).29 
o 
o 
(94) (95) (96) 
OCH3 
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In an interesting extension of the benzene ring as 1t-nucleophile in intramolecular cyclisations 
onto N-acyliminium ions the appropriate phenanthridine derivatives (95) have also been used 
to generate the pentacyclic system (96).30 
1.5 The Isoindolinone Ring System 
1.5.1 The Biological Relevance of the Isoindolinone Ring System 
Our research group has an interest in the preparation and reactivity of molecules containing 
the isoindolinone moiety 0J7). Such compounds are of considerable interest as many show 
actual and potential biological activity.3l-4l 
o 
o=SNH 
(97) 
Compounds of general structure (98) possess anxiolytic activity and have applications as 
novel sedatives, hypnotics and muscle relaxants (for example (99), pazinoclone).3l The 3-
phenyl-substituted piperazine containing isoindolinone (100) is representative of a class of 
newly discovered 5-hydroxytryptamine (5-HT lA) antagonistsn 
Recently there has been a drive to synthesise non-diazepine like drug molecules such as 
(101), as compounds of this class do not display the undesirable side effects of diazepine 
drug molecules such as drowsiness and confusion.33 The thiazoloisoindolinone (102) is a 
Human Immunodeficiency Virus Type 1 (HIV-I) reverse transcriptase inhibitor/4 and will be 
discussed later in this chapter. Furthermore, the synthesis and template manipulations of 
derivatives of (102) are desrcibed in Chapter 2, Section 2.1. Compounds (103) and (104) are 
respectively C-2 symmetric dialkylisoindolinones and 1,3-diarylisoindolinone (with the latter 
being a potent endothelin antagonist )]5 
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All compounds illustrated above contain at least one asymmetric centre within the 
isoindolinone ring system. In this regard we are concerned with the development of general 
and stereose1ective routes to non-racemic 3-substituted isoindolin-l-ones and 1,3-
disubstituted isoindoline derivatives using heterocycies as new chiral templates. 
1.5.2 Synthetic Routes Towards 3-Substituted Isoindolinones 
1.5.2.1 The Synthesis of (±)-Indoprofen 
I 
Takahashi et. al. have reported a simple preparation of (±)-indoprofen (105)/6 a non-
steroidal agent used in the anti-inflammatory response. Their four-step synthesis of (105) 
commences with the commercially available 2-(4-nitrophenyl)propanoic acid (106) (Scheme 
20). Catalytic hydrogenation provided the aromatic amine (107), the ethylation of which 
afforded the precursor (108) that participates in the key step of the synthesis: the double 
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Mannich condensation between o-phthalaldehyde and (108) with the use of 1,2,3-1H-
benzotriazole (Bt-H) and 2-mercaptoethanol as 'dual synthetic auxiliaries' (Scheme 20).31 
(106) 
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l.5.2.2 An IsoindoIinone Containing 5-HT!A,)teceptor Antagonist 
The 3-phenyl substituted piperazine-containing isoindolinone (100) is representative of a 
class of 5-HT lA receptor antagonists synthesised in 1998 by Kung and co-workersJ2 The 
final step of the synthesis resulting in the formation of (100) (in a yield of 4.6%) is the 
condensation of2-benzoyl benzoic acid methyl ester (114) and the arylarninopiperazine (113) 
(Scheme 21). The latter was prepared in two synthetic steps via the initial alkylation of 
arylpiperazine (111) and reduction of the resulting piperazine nitrile (112). Methylation of 
benzoylbenzoic acid afforded the corresponding ester (114), the condensation partner of 
(113) as shown in Scheme 21. 
OCH3 
rl NI\NH ~- "'---I 
OCH3 
_OCH __ 2CN___ < }-r\\ 
"'---I CN 
(111) 
(100) .. 
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1.5.2.3 Chemoenqmatic Resolution of (±)-Zopiclone 
The benzodiazepines (115) - (118) are molecules that have found use in the development of 
many clinically important anxiolytics, anticonvulsants, hypnotics and muscle relaxants due to 
their low toxicity. Furthermore they have contributed towards the discovery and 
characterisation of the benzodiazepine receptor itself 37 
e N ~ N--/; Cl 
o 
Cl 
c 
Cl 
o 
N~ 5 (116) 
Of these compounds the hypnotic (±)-zopiclone possesses an isoindolinone moiety in its 
substructure as well as a pharmaceutical profile of high efficacy and low toxicity.37 Initially 
administered as a racemate, studies in the early 1990s have confirmed the (+ )-enantiomer of 
zopiclone to be significantly more active and less toxic than the (-)-enantiomer. 38 
The chemoenzymatic resolution of zopiclone has been achieved by Gotor9 with the use of 
the lipase from Candida Antarctica (CAL) and is illustrated in Scheme 22. The carbonatation 
of the racemic alcohol (119) furnished carbonate (±)-(120). When exposed to CAL and water 
in 1,4-dioxane, (+)-(121) was separated from the mixture in enantiomerically pure form. Also 
recovered in an equal amount is the alcohol (±)-(119) (Scheme 22). This alcohol suffers from 
spontaneous racemisation in the reaction mixture which allows it to be recycled. Thus the 
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maximum yield of (+)-(118) obtained via this kinetic resolution is 50% and the overall 
efficiency of the enzymatic process is 100%. 
(~ 
H 0 
o~ (121) 
( 
acetone 
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The enantiomerically enriched carbonate (+)-(121) was then reacted with N-methylpiperazine 
to furnish (+ )-zopiclone as outlined in Scheme 22 with no racemisation occurring in the final 
step of the synthesis. 
1.5.2.4 Synthesis of Saturated Isoindolinone Derivatives 
Thus far all 3-substituted isoindolinones discussed contain an aromatic ring fused to the ring 
bearing the amide moiety. The corresponding saturated isoindolinones i.e. those containing a 
fused cyclohexane ring are also known.40 
A cis/trans mixture of the cyclohexane containing keto acid (122) was condensed with a 
variety of aliphatic and aromatic amines generating the imidols (123). The target hexahydro-
saturated isoindolinones (125) were accessed following loss of water from (123) and ring-
chain tautomerism of the resulting enamides (124) (Scheme 23). 
H 
COOH 
p-TsOH, teIuen;},.t, 
o + R.NH,· -------.... ~ ...
H or 'arrect fusion' 
(122) 
R = form amide or urea 
o 
NR 
(llS} 
CH3 
Scheme 23 
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The corresponding octahydro- derivatives (129) were also prepared by the condensation of 
keto acids (122) with hydrazine forming the phthalazinone (126). The zinc-hydrochloric acid 
effected reduction of the latter accesses the ring-contracted isoindolinone (128), the N-
alkylation of which furnishes the N-substituted isoindolinones (129) (Scheme 24). 
H 0 0 
COOH H H" 
NH2NH2, EtOH,A tu{ ZnlHCI, A 
.. I .. 
.-<:ff 
H 
(122) :::-... 
CH3 
CH. (127) CH3 
o 
DMSo-, KOH, RX 
(l28} 
CH3 
Scheme 24 
1.5.2.5 Preparation of Ring Fused Isoindolinone Derivatives 
Decroix and Marchalin have demonstrated the synthesis of pyrrolopyridazinoisoindolinone 
(133) and its use as an immediate precursor in the preparation of the triazepine (101). The 
latter has potential as a non-diazepine anxiolytic agent. 33 
As outlined in Scheme 25, the target isoindolinone containing anxiolytic (133) was accessed 
by initial reduction of I-phthalimidopyrrole (130). A Wittig reaction was then carried out on 
(131) with the appropriate phosphorane and subsequent hydrolysis of the N-substituted 
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isoindolinone (132) furnished the cyclic product (133). The latter underwent a Schmidt 
rearrangement in the presence of sodium azide and concentrated sulphuric acid furnishing the 
desired anxiolytic agent (101) (Scheme 25). 
o ~N-N~ _N_aB_H_4_, C_H_3_O_H,_--l." 
~ ~ 85% 
o 
(130) 
0 
N-ethyl piperidine,. 
CICOOCH2CH:3, 
~ 
BF3, Et20, 67% 
0 
(133) 
NaN3, H2S04, 
DCM..68% 
o 
N-N~ 
N~O 
H" 
(101) 
Scheme 25 
o cq.-.() 
OH 
(131) 
i) (Ph.)~CHCOOCH2CH3 
ii}K~o, 
80".1., . 
0 
N--<:J 
(132) 
OH 
The preparation of the dihydroazaisoindolinones (137) is another example of a ring fused 
isoindolinone containing heterocyclic ring system. Studies carried out by Epsztajn allowed 
these target molecules to be accessed in four steps in good yields and synthetic generality41 
The anilides (134) (obtained from the appropriate pyridine carboxylic acids and arylamines) 
were converted to the corresponding 5-hydroxyazaisoindolinones (135) (Scheme 26). 
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Wittig reaction of (135) with the appropriate phosphoranes afforded the azaisoindolinone 
acetic acids (136). Finally the sequential treatment of the latter with oxalyl chloride and 
aluminium chloride affected the final transformation in the reaction cascade: the cyclisation 
of (136) to the target compounds (137) as outlined in Scheme 26. 
Gi
o ~R BuLi, THF, DMF, 51-&6-0/... ~ c .~. 
21 ~ ~~ ------+--~~~R 
OH 
, (134) (135) 
R ~ H,.-OCH~ t ir(Phr3P=CHCOOCH2CH3 iiiK2COj 
74'-95% 
o 
R 
o 
(137) (136) 
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1.6 Tricyclic y-Lactams as N-Acyliminium Ion Precursors in Asymmetric 
Synthesis 
Thus far the importance of the N-acyliminium ion in synthesis and the biological activity of 
the isoindolinone ring system has been discussed. The use of suitably substituted 
isoindolinone ring systems as N-acyliminium ion precursors with a view towards the 
preparation of non-racemic 3-substituted isoindolinones (138) or ring fused heterocycles 
(139) was realised by our group following Meyers42 work in related areas. 
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Rl = H, Ph, -CH3 
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Rt Rl-=H;-OH 
R2=H 
This section describes research carried out by a former colleague, Dr. Chris Northfield, who 
initiated an investigation within our group probing the synthesis and reactivity of 
isoindolinones of type (140) and their participation in Lewis acid mediated intermolecular 
amidoalkylation reactions (leading to compounds (138» and intramolecular cyclisation 
reactions (leading to compounds (139» via N-acyliminium intermediates. 
1.6.1 Initial Studies 
o 
cQ) 
(140) 
R = i-Pr, Ph, -CH2Ph 
RI = H,. -CH3, Ph 
The formation of phthalimidines from o-phthalaldehyde reported by AIlin, Hodkinson and 
Taj in 199643 provided a foundation upon which all subsequent isoindolinone chemistry 
carried out within the group was based. Essentially the reaction of o-phthalaldehyde (141) 
with a-amino acids (142) (and the corresponding amino aIcohols) was found to yield the 
corresponding phthalimidines (143) (Scheme 27) in higher yields than analogous reactions 
with o-phthalaldehyde and aliphatic amines?l 
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FurthernlOre, high yields of phthalimidines (144) (56-69%) were observed upon 
cyclodehydration of o-phthalaldehyde with amino alcohols in refluxing acetonitrile. 
A mechanism for these transformations has been proposed and is outlined in Scheme 28.43 
Initial reaction between the two substrates forms monoimine (145). The oxazolidinone 
intermediate (146) is then furnished by participation of the neighbouring carboxyl group. 
Intramolecular nucleophilic addition of the secondary amine onto the aldehyde carbonyl 
group of (146) results in the cyclised species (147). The presence of the carboxylate anion 
coupled with ring strain entices ring opening of (147) to the intermediate isoindolinol (148) 
which rearranges to furnish the observed products (143). 
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A similar mechanism has been proposed to account for the increased yields of products (144) 
when using amino alcohol substrates (Scheme 29). The monoimine (149) can undergo ring 
closure to the oxazolidine (150), with subsequent cyc1isation to the tricyc1ic species (151). 
Ring opening and rearrangement of the latter furnishes the target compound (144).43 
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The presence of any other external synthetic auxiliary was found to be unnecessary. Rather 
an "intramolecular auxiliary effect" is proposed whereby the neighbouring acid or alcohol of 
the reacting amine participates in the fonnation of the appropriate oxazolidinone (146) or 
oxazolidine (150) intennediate (Schemes 28 and 29 respectivel?,), 
1.6.2 A Highly Diastereoselective Synthesis of 'Y-Tricyclic Lactams and their 
Applications as N-Acylimininm Ion Precnrsors 
The isoindolinone-containing tricyclic lactams (153) were reported by Allin and Northfield in 
a later publication.44 The condensation of 2-fonnylbenzoic acid and some common amino 
a1cohols (Scheme 30) proceeds in a high yielding and highly diastereoselective manner. Ollly 
one diastereoisomer of the product tricyclic lactam was observed in each case, with the 
protons at positions 2 and 5 adopting a trans configuration relative to one another. 
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Scheme 30 
A similar mechanism to that outlined in Scheme 28 has been proposed to explain the 
stereochemical outcome of this reaction involving the initial formation of the oxazolidine 
intermediate (154) (Scheme 31)44 
.. 
(154) (153a) major (trans) isomer 
Scheme 31 
The synthetic utility of these tricyclic lactams was probed by subjecting lactam (155) to an 
intermolecular amidoalkylation reaction with allyl trimethylsilane (Scheme 32)45 It was 
envisaged that (155) would act as an N-acyliminium ion precursor generatin& the 3-
substituted isoindolinones (156) when TiCl4 was used as the Lewis acid activator in 
conjunction with allyl-TMS. This was found to be the case and the 3-allyl species were 
formed with a somewhat poor ratio of 1:1 «156a) : (156b», but in a high yield of 86% 
(Scheme 32). 
Introduction 33 
~,~ 
H 0 
Ti C14, al\yl-TMS 
o 
ff-{:OH 
Ph 
cd·-fOO 
J DCM, -7SoC 
(155) (156a) (156b) 
Scheme 32 
Other Lewis acids (namely BF3.0Eh, SnC4 and TMSOTf) did not increase levels of 
diastereoselection in the product, nor did variation of the incoming nucleophile (namely 
TMSCN, indole and furan) with TiCl4 as Lewis acid activator.45 
1.6.3 A Highly Diastereoselective Synthesis of 3-Substituted Isoindolin-l-one Derivatives 
The introduction of a more bulkier substituent at the angular position of the tricyclic lactams 
during the initial cyclodehydration step resulted in higher diastereoselectivities being 
observed following Lewis acid mediated arninal ring opening of the resulting lactams with 
alkyl hydride (triethyIsilane)46 
The condensation of 2-benzoylbenzoic acid or 2-acetylbenzoic acid with (S)-pheny\g\ycino\ 
resulted in the fonnation of the tricyclic lactams (157) (98%) and (158) (85%) respectively as 
single diastereoisomers (Scheme 33).46 The results of treating both tricyclic \actams with two 
different Lewis acids in conjunction with triethylsilane are summarised in Table 1. 
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Table 1 
Lewis acid 
TiC4 
TMSOTf 
TiCk 
TMSOT£ 
Yield (%) 
90 
SO-
99 
&9 
ego r:OH I ~""Ph . / ,. H tl . 
R . 
(159a) , 
(159b) 
(159a) : (159b) 
>98:2 
4:1 
>98:2 
. 
15:1 
As can be appreciated from Table 1 all entries provide high yields of the product 
diastereoisomers (159a) and (159b). A higher level of diastereoselection was observed on 
using TiCI4 as activator for both tricycIic lactams investigated (entries I and 3). The use of 
TMSOTf resulted in far lower product diastereoisomer ratios (entries 2 and 4). The major 
diastereoisomer (159a) in each case is formed with retention of configuration at the 
asymmetric centre. 
The higher diastereoselection observed upon using the l'henyl~ and methyl-substituted 
lactams (157) and (158) with TiCI4 and Et3SiH has been rationalised by invoking the 
transitional state models highlighted in Figure 1.46 These Felkin-Anh like representations47,48 
position the two larger groups such that they are pefQendicular to the carbonyl group, giving 
rise to two distinct conformations. 
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The marked difference in diastereoselection between (155) (R = H) and (157)/(158) (where R 
= Ph/-CH3 respectively) can be partly attributed to the size of the angular substituent. When 
R = H, the extra-annular N-C bond suffers from free rotation with little preference for either 
of the two competing transition states during nucleophilic attack. 
Conversely in ring opening reactions of (157)1(158) when the angular substituent is a more 
bulkier phenyl ring or methyl group, extra-annular free rotation is restricted giving rise to a 
preference for one transition state leading to the improved product diastereoselectivities of 
>98:2 (TiCI4, entry 1, Table 1) and 4:1 (TMSOTf, entry 2, Table 1) for this ring opened 
compound. 
The significant difference in diastereoselection between the two Lewis acids could be 
rationalised by chelation of the amide oxygen atom to the Lewis acid complexed oxymethyl 
group (conformation A, Figure 1). This chelation control coupled with the larger size of the 
angular substituent act as a "conformational lock" giving rise to the situation where the major 
product is formed with a high diastereoisomeric ratio of >98:2 and with retention of 
configuration at the asymmetric centre. 
On the other hand the use of TMSOTf which is a Lewis acid incapable of multi-point co-
ordination results in the lower (4: 1) diastereoisomeric ratio for the ring opening of lactam 
(157) (where R = Ph) with triethylsilane. 
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1.6.4 The Removal of the Amino Alcohol Auxiliary of 3-Substituted Isoindolin-l-one 
Derivatives 
The removal of the chiral phenylglycinol auxiliary has been demonstrated without loss of 
stereochemical integrity at the newly created chiral centre of the ring opened species 
(156a).45,49 The latter was obtained in 90% yield and with a higher d.e. of 33% upon 
treatment of the tricyciic lactam (155) with TMSOTf. The subjection of (156a) to a 3-step -
namely mesylation, elimination and hydrolysis - a deprotection protocol developed by 
Vemon and Fains50 which furnished the isoindolinone (162) in 33% e.e. (by chiral HPLC 
experiments). The procedure is illustrated in Scheme 34. 
N~OH 
.. 
Ph 
(156a), 33% d.e. 
Scheme 34 
o 
N~OS02CH3 
Ph 
(160) 
NaOEt, 
EtOR 
The same procedure also afforded access to the enantiopure (164) obtained from N-
substituted isoindolinone (163)49 (Scheme 35). 
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(163) (164) 
Scheme 35 
In a later publication, a novel strategy for removal of the chiral phenylglycinol auxiliary of 3-
phenyl substituted species (165) (Scheme 36) involving the use of cone. sulphuric acid was 
reported.49 This procedure furnished the desired target (166) in 42% yield and 65% e.e. upon 
heating a mixture of(165) in concentrated HZS04 in a water bath for 30 minutes. 
42%, 65"'/0 e.e. 
.. cc$, 
Ph 
(165) (166) 
Scheme 36 
Additional studies involving the measurement of yields and e.e.'s of the target molecule 
(166) formed from (165) (via the procedure outlined above) as a function of time were 
carried out. The outcome of these experiments are summarised in Table 249 
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Table 2 
Entry Time/min Yield (%) E.e.· 
1 JO 4Z 65 
2 16 65- 68 
3 11 64- 17 
4 6 71 85 
5 2 74 96 
aDetemuned by chiral HPLC 
From Table 2 we can see that the yields and e.e.'s of the product species share an inversely 
proportional relationship with the reaction time: the longer the reaction time, the smaJler the 
yield and e.e. of product (166). In this context a longer reaction time merely leads to the 
degradation and racemisation of the product, thereby compromising its yield and e.e. 
1.6.5 The Synthesis of the Nuevamine Skeleton 
The tricyclic lactam (167) (derived from 2-carboxybenzaldehyde and (S)-phenylglycinol) 
was prepared in 87% yield as a single diastereoisomer.51 The potential of this lactam to act as 
an intramolecular N-acyliminium ion precursor has been demonstrated during the synthesis 
of ring fused isoindoloisoquinoline (168) during work carried out towards the preparation of 
the nuevamine skeleton (169). In the same publication, preparation of the more highly 
substituted systems (170) and (171) is described.51 
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(171) 
OH 
Initial condensation of 2-carboxybenzaldehyde and (S}-phenylalaninol afforded the tricyclic 
lactam (167) as a single diastereoisomer (Scheme 37). TMSOTf induced intramolecular 
cyclisation of the latter exclusively furnished the tetracyclic ring fused isoindoloisoquinoline 
product (168a).51 Thus the ring fused tetracyc1e has been made in only two steps from readily 
available starting materials. 
The pendant hydroxymethyl group was also removed in two steps (Scheme 37). A high 
yielding Swem oxidation afforded the aldehyde (172). Rhodium catalysed decarbonylation 
effected the formation of an asymmetric variant (169) of the nuevamine skeleton with an 
enantiomeric excess of 92% (by chiral HPLC experiments) and in a yield of 76% over 4 
steps.52 The single chiral centre in the molecule bears the'S' stereochemistry. 
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Scheme 37 
The extremely high diastereoselectivity observed during the key TMSOTf mediated 
cyclisation step has been rationalised by invokinK the transition state models highlighted in 
Figure 2S1 The N-acyliminium ion depicted in conformation B (which would lead to the 
unobserved minor product diastereoisomer) al'l'ears to l'ossess an unfavourable 1,3-
destabilising interaction between the carbonyl group and the more bulky Lewis acid 
complexed oxymethyl group. The carbonyl group of the alternative conformation A (leading 
to the observed product diastereoisomer) is "eclipsed" in a 1,3-fashion by the much smaller 
hydrogen atom at the chiral centre. 
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1.6.6 A Stereoselective Synthesis of the Pyrroloisoquinoline Ring System53,54 
More recently, a synthetic route towards the pyrroloisoquinoline ring system (173) that 
utilises a Meyers-type bicyclic lactam and an intramolecular 1t-nucleophile was devised 
(Scheme 38) during synthetic efforts aimed at diastereoselective access to the erythrinane 
target (174)53 
x 
(173) 
Cyclodehydration of the aldehydic acid (175) with (S)-phenylalaninol provided the bicycle 
(176) as a single diastereoisomer. When treated with TiCI4, the ring fused isoquinoline 
(177a) was accessed. The bicyclic lactam (176) was also accessed via the imide (178), 
prepared from succinic anhydride and (S)-phenylalaninol. Reduction of (178) followed by 
treatment of the resulting ethoxylactam intermediate (179) with catalytic TFA led to the 
bicyclic lactam (176). Furthermore, the direct TiCl4 mediated cyclisation of (179) resulted in 
the direct formation of (177a) (Scheme 38). 
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The synthesis of the corresponding methyl substituted substrate (180) and removal of the 
pendant hydroxymethyl group is also outlined in the same publication. 53 Essentially, 
oxidation and rhodium catalysed decarbonylation of the resulting aldehyde (181) led to the 
formation of the enamide (182), which was hydrogenated to furnish the target 
pyrroloisoquinoline (183) (Scheme 39). 
(180) (181) 
HiIO%Pd-C, 
(182) (183) 
Scheme 39 
In a later publication the preparation of the more highly functionalised isoquinolines (184) 
and (185) is described. 54 
o 
OCH3 
(184) (185) 
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1.7 HIV-l (HIV Virus 1) Reverse Transcriptase (RT) Inhibition 
1.7.1 PhenylthiazoloisoindoIinones as RIV-l RT Inhibitors 
In the early 1990's a series of compounds were discovered which specifically inhibited mv-
1 RT but not mv-z RT.55 The NNRTIs (Non-Nucleoside RT Inhibitors) did not rely on the 
mimicry of nucleosides to bring about chain termination and hence RT inhibition. Rather 
they acted in an allosteric manner: that is to say they bind to an additional site on the 
molecule other than the active site of RT. 
o 
(189) 
Introduction 
(187) (188) 
(191a); R = RI = H, le-SO O.Z8mM 
(191b); R = Rt = CH3, IC-50 O.016mM 
45 
Examples of NNRTIs include tetrahydroimidazobenzodiazepinone (TIDO) derivatives (186), 
hydroxyethoxymethylphenylthiothymine (REPT) derivatives (187), nevirapine (188), 
pyridinones (189), bis(heteroaryl)piperazines (190) and phenylthiazoloisoindolinones (191a) 
and (191b). 
A closer inspection of the molecular structures of (191a) and (191b) reveals the presence of 
an isoindolinone ring. These compounds have been shown to inhibit IUV-l RT.56 A fair 
amount of attention has been given to this tricyclic lactam ring system. Mertens et. af. 56 have 
synthesised 73 thiazoloisoindolinones and tested them for their ability to inhibit mV-l RT 
and found that the most potent inhibitors were those bearing a phenyl group at position 9b 
(with one or two optional methyl groups) and those bearing an optional chlorine atom at 
position 8.56 
The similarities between the thiazolisoindolinones above and some of the compounds 
illustrated above become apparent upon examining their molecular structures. All contain 21t 
systems arranged in a butterfly-like orientation with an additional lipophilic region between 
them. Furthermore there is the presence of either a carbonyl or thiocarbonyl group. 57 
1.7.2 Introduction to AIDS and HlV55,58 
In 1981, the first cases of a new disease called AIDS (Acquired ImmunoDeficiency 
Syndrome) were identified. AIDS victims fell prey to rare infections brought about by 
immunodeficiency. For this reason the causative virus of AIDS became known as mv 
(Human Immunodeficiency Virus). Like all viruses, HIV is enveloped by a lipid bilayer 
membrane containing two glycoproteins. The core of the IUV virus contains two copies of 
the RNA genome along with associated tRNAs and several molecules of reverse 
transcriptase. The host for the mv virus is the T 4 Iymphocyte cell, a vital contributor in the 
immune response. 
HIV replication is achieved through double stranded DNA intermediates, and the genetic 
information flows from RNA to DNA. During replication the RNA of the virus particle (the 
(+) strand), once delivered into the host cell acts as a template for the synthesis of a 
complementary strand of DNA (the (-) strand). The enzyme catalysing this process is called 
reverse transcriptase (RT). In the normal direction of genetic information transfer, DNA is 
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converted to RNA (via the process of transcription). The reverse case applies here, hence the 
name reverse transcriptase. For this reason the IllV virus is also referred to as a retrovirus. 
Once the DNA transcript of the RNA viral strand is made, it acts as a template for the 
synthesis of another strand of DNA (called the (+) strand). The newly formed double helical 
DNA then becomes incorporated into the chromosomal DNA of the host and is replicated 
along with normal cellular DNA during mitosis (cell division). 
The subtle interplay between the various proteins coded for by the DNA genome of IllV 
makes it a lethal pathogen. Owing to the genetic instability of the HIV virus, preparing a 
vaccine against it has proved to be difficult. Although HIV can be treated via 
chemotherapeutic means (which inevitably leads to co-lateral damage, that is, damage to both 
host and virus cells), its treatment still remains arguably the greatest problem to medical 
science. 
1.7.3 Treatment of the HIY Virns: A Brief Historical PerspectiveS5 
Since the pathogenicity of the IllV virus (and ultimately the spread of AIDS) depends on the 
nucleotide biosynthesis of the RNA genome of IllV, the most logical approach to treat IllV 
is to stop nucleoside biosynthesis. More specifically to block RT, an enzyme also responsible 
for two other consecutive functions, namely a) the degradation of the RNA template by 
ribonuclease H, and b) the degradation of the remaining RNA strand. 
2',3'-Dideoxynucleosides were first approved in the treatment ofIllV more than 18 years ago 
with the intention that they would mimic the action of normal deoxynucleotides. The first of 
these compounds (collectively called nucleoside-based RT inhibitors - NRTIs) was 
azidothymidine (AZT) (192) which is a nucleoside mimic of2'-deoxythymidine (193). 
A comparison of the structures of (192) and (193) reveals an absence of the 3'-hydroxyl 
group on AzT. The 3 '-hydroxyl group is present in (193) and is necessary for chain 
elongation of the nascent polynucleotide chain. The presence of the azide group in (192) will 
lead to the termination of chain elongation, and a cessation of polynucleotide synthesis. This 
competitive approach to the inhibition of RT (where the NRTIs compete with the nOfq1al 
nucleotides for a place in the active site of the RT molecule) resulted in the clinical approval 
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of other 2',3'-dideoxynucleosides for the treatment of mv, namely 2',3'-dideoxycytidine 
(DDC, (194», 2',3'-dideoxyinosine (DD!, (195» and 2',3'-didehydro-2',3'-dideoxythymidine 
(D4T, (196».55 
0 0 )5 :YCH3 =Y'" HN I HNC I oAN cA 
HO~ HO~ HO~ 
N3 OH 
(192) 
(194) 
(193) 
o {:Cr 
~ /).,,) N 
HO/ U 
(195) (196) 
The administration of these NRTIs proved to have clinical and immunological benefits. 
Unfortunately, they also lead to severe side effects such as bone marrow suppression. 55 The 
discovery of these nucleoside analogues and their immense clinical benefits (which were 
considered to far outweigh the severe side they effects they caused) prompted further 
research into the development of compounds specific to RT. 
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1.8 The Protoberberine.Alkaloids 
1.8.1 Introduction 
The isoquinoIine-containing protoberberine alkaloids are ubiquitous to many plant families. S9 
They number approximately seventy and their structure is based on the tetracyclic species 
(197) and (198), respectively the quaternary protoberberine salts and the 
tetrahydroprotoberberines. Most of the protoberberine alkaloids occurring in nature are found 
in either of these two forms although some dihydroberberines (199) are also known.60,61 
4 5 
2 
(197) (198) ([99) 
11 
Substitution in protoberberine alkaloids is almost always present at C-2 and C-3 and at C-9 
and C-IO or C-IO and ColI. Occasionally a hydroxyl group is found at Col «-)-caseadine 
(200)), C-13 «-)-ophiocarpine (201)) and C-S (berberastine (202) and thalidastine (203)). 
Many members of this group of isoquinoline alkaloids have shown promising tranquillising 
properties and as such have clinical applications as hypnotics and sedatives.62 Furthermore, 
berberine (204) and (-)-canadine methochloride (205) have shown some hypotensive 
activity.63 The former has some antibacterial properties and has been shown to intercalate 
into supercoiled mitochondrial DNA, invoking conformational changes in the DNA64 
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Four retroprotoberberines are knoWn,65 namely (-)-mecambridine (206), alkaloid PO-5 (207), 
(-)-orientalidine (208) and alkaloid PO-4 (209) (Scheme 40). Their characteristic structural 
feature becomes apparent upon examining their molecular structure. The presence of an extra 
carbon unit bonded as a side chain to ring D is present in each of the retroprotoberberines 
(206) - (209). 
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As outlined in Scheme 40, dehydrogenation of the tetrahydroberberines mecambridine and 
orientalidine with mercuric acetate, potassium permanganate or chromium trioxide furnishes 
alkaloids PO-5 and PO-4 respectively (the correspondingCluaternaryprotoberberine salts). 
1.8.2 Synthesis of Protoberberines 
\.8.2.1 The Mannich Condensation 
The Mannich condensation is essentially the reaction of an amine with formaldehyde in the 
presence of an acid. Its application in the preparation of protoberberine alkaloids is illustrated 
in Scheme 41 using Kametani's synthesis of(±)-kikemanine (210) as an example. 66 
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Initial fusion of homoveratrylamine (211) and the phenol (212) affords amide (213), the 0-
esterification of which provided the intermediate species (214). Subjection of the latter to 
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Bischler-Napieralski conditions followed by reduction accessed the secondary amine (216) 
which participates in the key transformation of the sequence: a pH dependant Mannich 
condensation.66 Ring closure of formaldehyde accesses the tetracyclic framework of the 
target alkaloid during the conversion generating a mixture of 9,IO-substituted and 10,11-
substituted (i.e. the pseudoprotoberberine) tetracycles (217) and (218) respectively. Finally 
methylation and debenzylation of (217) furnished (±)-kikemanine. 
The same authors in a later publication67 describe an alternative synthesis of racemic 
scoulerine (219) and tetrahydropalmatine (220) that completely by-passes the formation of 
the pseudoberberine (218) (the product of 1O,11-substitution during the Mannich 
condensation, Scheme 41). Selective bromination of the intermediate (221) followed by acid 
mediated debenzylation of bromide (222) afforded the bromoamine (223) (Scheme 42). 
Mannich condensation with formaldehyde cleanly provided the 9, 10-disubstituted precursor 
(224). Finally, (±)-scoulerine was accessed via the reduction of (224). 
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1.8.2.2 The Bischler-Napieralski Cyciisation 
(222}. 
(223) 
OCH3 
OH 
OCH3 
OCHo 
Racemic scoulerine has been furnished by Battersby and co-workers68 via the use of the 
Bischler-Napieralski cyciisation as the key step in the synthesis of Rin&B of the tetracyciic 
skeleton. In the context of protoberberine alkaloid synthesis the general transformation of a 
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Bischler-Napieralski cyclisation is the conversion of an amide such as (228) (Scheme 43) to 
the corresponding aromatic imine (229) usually carried out in the presence of phosphoryl 
chloride or phosphorus pentachloride. The preparation of racemic scoulerine commenced 
with the imine (227) (obtained from the aldehydic acid (225) and amine (226» and is 
outlined in Scheme 43. Ring C of the tetracyclewas generated by the concomitant reduction 
and cyclisation of intermediate species (227). The immediate scoulerine precursor (230) was 
formed by Bischler-Napieralski cyclisation of intermediate (228) to imine (229) and its 
subsequent reduction. The target alkaloid was furnished via the hydrolysis of (230) (Scheme 
43). 
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In addition to the use of a1dehydic acids such as (225) towards the preparation of 
protoberberine alkaloids via Bischler-Napieralski cycJisation, appropriately substituted 
lactones68,69a,b and anhydrides69c can also be employed. To this end the lactone (231) and 
anhydride (235) have been employed in the synthesis of the precursor amides (232) and (237) 
respectively. Bischler-Napieralski cycJisations on these amide substrates contributed towards 
the syntheses of O,O-dibenzylscoulerine (234) and oxypseudoberberine (238) (Scbemes 44a 
and 44b respectively). 
.. 
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Scheme 44c depicts the use of the Bischler-Napieralski cyclisation to generate ring C of a 
protoberberine. Bischler-Napieralski cyclisation of the enamide (239) furnished the 
quaternary salt (240).70 
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1.8.2.3 Synthesis through Isoquinoline Intermediates 
The phthalideisoquinoline (242) (obtained via reduction of precursor (241) with Adams 
catalyst) has been used to access the C-13 hydroxylated protoberberine ophiocarpine (243).71 
Further reduction of (242) furnished ophiocarpine as outlined in Scheme 45a. 
0 
0 
< < 0 0 H2,Pt 
~ 
(241) (242) 
(} 0 
OCH3 H3CO 
OCH3 
~. 
i) LiAlH4 
ether, THF 
ii) work-up 
0 
< 0 
HO ;/ 
0.-
OCH3 
OCH3 
(243); (±)-ophiocarpine 
Scheme4?a 
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Scltem.r. 45b 
Both epimers of ophiocarpine have been accessed by an alternative route involving the 
reduction and subsequent hydroboration of berberine chloride (Scheme 45b).72 
Dihydroisoquinoline intermediates have also been used to preQare Qrotoberberine alkaloids as 
exemplified by the synthesis of (±)-xylopinine (245) (often referred to as norcoralydine in 
many texts) outlined in Scheme 4673 
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I/-I 
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~ HsCO OCHs 
(247) OCHs (246) 
HsCO HCOOH, 
• 
HsCO H~04-
/ 
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Condensation of homoveratryl iodide (246) and dihydroiso'luinoline (247) afforded the 
quaternary iodide (248) (Scheme 46). Reduction generated the dihydroisoquinoIine 
intermediate aod acid catalysed ring closure furnished (±)-xylopinine. 
Another separate ring closure process uses the isoquinoline-l-carbaldehyde (251) to furnish 
tetrahydropalmatine (220)74 The former was obtained by oxidation of 1-
methyldihydroisoquinoline (250). Condensation of the oxime of (251) with 2,3-
dimethoxybenzyl bromide (253) afforded the quaternary salt (254). Acid catalysed ring 
closure of the latter accessed the tetracyclic quaternary salt (255). Finally 
tetrahydropaimatine was formed by reduction of (255) (Scheme 47). 
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1.8.2.4 The Pomeranz-Fritsch Cyclisation 
HCl,A 
.. 
H,CO 
(220); tetrahydropalmatine 
Scheme 47 
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Br2(253) 
ecH, 
Y'I 
~ 
ecH, 
The key step in the preparation of berberastine (202) and thalidastine (203) (the two C-5 
hydroxylated protoberberines) derivatives by Brown and co-workers,75 is the electrophilic 
addition of an intramolecular aldehyde moiety to an aromatic ring: named the Pomeranz-
Fritsch cyc1isation. Scheme 48 illustrates the synthesis of xylopinine. Ring closure of amine 
(256) followed by condensation with glycidol generated the diol (258). Sodium periodate 
promoted diol cleavage afforded the aldehyde (259) which was subjected to a Pomeranz-
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Fritsch cyclisation giving the amino alcohol (260), bearinga hydroxyl group on C-5 of the 
protoberberine skeleton. Sequential treatment of the iodide of (260) with acid and sodium 
borohydride furnished xylopinine (Scheme 48). From the pathway outlined in Scheme 48 
one can envisage the synthesis of the C-5 hydroxylated protoberberine alkaloids berberastine 
(202) and thalidastine (203) using the Pomeranz-Fritsch cycIisation as the key ring forming 
step. 
OH OH 
OH 
(202); berberastine (203); thaIidastine 
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1.8.2.5 Other Routes TQwar<i&Protaherherines 
A procedure involving the sequential formation of ringe and D via Dieckmann cyclisation 
and the use of methyl vinyl ketone (266) respectively has been described.76 The reaction 
cascade is illustrated in Scheme 49 and commences with the isoquinoline (263). A Mannich 
reaction with malonic acid yielded the dicarboxyIic acid (264). Sequential addition of 
diazomethane, an intramolecular Claisen condensation and acid mediated decarboxylation 
afforded the enoIic p-ketoester (265) containing the newly formed ring C of the 
protoberberine. Treatment with methyl vinyl ketone produced the diketoester (267). 
Intramolecular aldol condensation followed by aromatisation of the hydrobromide salt of 
enone (268) results in the formation of ring D. The debenzylation of (269) followed by a 
Musliner-Gates dehydroxylation furnished the tetrahydroprotoberberine (273) (Scheme 49).76 
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Yang, Shani and Lenz devised a route to the dehydroaporphine (274) and the 
oxoprotoberberine (275) via photochemically induced cyclisation.77 The outcome of the 
reaction being dependant upon the geometry of the alkene unit of the starting .. material 
tetrahydroisoquinoline (273). If the latter bears a eis geometry about the alkene, the product 
of irradiation is the aporphine. Conversely irradiation of the trans form of (273) furnishes the 
oxyprotoberberine (275) (Scheme 50). 
hu 
eis-C271} trans. (271) 
hu hu 
(274). (275) 
Scheme 50 
1.8.3 Reactions ofProtoberberines 
I. 8.3.1 Oxidation and Reduction 
Tetrahydroprotoberberines of type (198) can be accessed from the corresponding <Luaternary 
salts (197) via reduction with a variety of reducing agents as outlined in Scheme 51. Partial 
reduction of the quaternary salts to the corresponding dihydroprotoberberines (199) can be 
achieved by carrying out the reduction in a dry aprotic solvent with a mixed metal hydride 
(Scheme 51).72,78 Reoxidation of the tetra- and dihydroprotoberberines back to the quaternary 
salts can be affected with iodine,79 mercuric acetate or simply oxidation by standing in air.80 
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-
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Scheme 51 
(199} 
Immonium 
salt(2.7~) 
+ RORarH 
Dihydroprotoberberines of type (199) are in eCluilibrium with their corresponding immonium 
forms (276) in a protic solvent or an acidic medium and undergo disproportionation to the 
quaternary salt and tetrahydroprotoberberine owing to the instability of the former.
78a 
Pyrolysis of oxyberberine (277) and berberine chloride in hot acid results in O-demethylation 
of C-9 yielding isooxyberberine (278) and berberrubine (279) respectively. Quaternary 
berberine salts are oxidised upon treatment with hot dilute nitric acid yielding the 
corresponding betaine (280) (Scheme 52)81 
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OCtry 150"C, 5hr 
OCH;· 
(277); oxyberberine 
150"C,5hr 
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HNO~ 
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1.8.3.2 Berberine-Acetone and its Derivatives 
( 
o 
(278); isooxyberberine 
OH 
(279); berberrubine 
/./ e 
coo 
eOOH 
(280); berberidic acid 
The chemistry of the product obtained when berberine is reacted with the nucleophilic anion 
of acetone (called berberine-acetone (281) or 8-acetonyldihydroberberine, Scheme 53) has 
been the subject of many detailed studies.82 
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Permanganate oxidation of crystalline berberine-acetone yields two products: 
neoxyberberine-acetone (282) and berberine-phenol betaine (283) (Scheme 54). The latter 
can be accessed directly from berberine-acetone by. oxidation with osmium tetroxide. Acid 
treatment of (282) leads to berberine-phenol (284), the protonated form of berberine-phenol 
betaine. Neoxyberberine-acetone can undergo two reductive procedures, namely a Wolf-
Kischner reduction to the C-13 hydroxyl containing polycyc1e (285), and borohydride 
reduction to the dihydroxylated species (286). Selective oxidation of the allylic alcohol 
portion of the latter furnished the 13-oxo derivative (287) as illustrated in Scheme 54.82 
13-Hydroxylated protoberberines such as (+)-ophiocarpine (243) have been obtained from 
the reduction of berberine-acetone derivatives like berberine-phenol (284) (Scheme 55)82 
Reduction of the latter with zinc and acetic acid leads to both the tetrahydroberberine (288) 
(canadine) and the 13-hydroxylated dihydro form (289). The latter undergoes spontaneous 
rearrangement to the ring expanded polycyc1e (290) as outlined in Scheme 55.83 
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1.8.3.3 Cleavage with Cyanogen Bromide 
The bond that links rings B and C of tetrahydroprotoberberines is readily cleaved with 
cyanogen bromide as. outlined in Scheme 56. Treatin~ canadine (288) with cyanogen 
bromide using ethanol/chloroform mixtures as solvent gives the ethoxytricycle (292) through 
intermediacy of the quaternary bromide salt (291)84 
0 
< CNBr,EtOH; \ 0 ~ 
:/' 
oeH3 CH~ oeH3 
(28&) I. 
(291) 
0.. :::-.... oc~ oc~ 
EtOH 
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:/' 
OCH3 
(292) 0.. 
OCH3 
( Br ( "CN 
0 
It 0 
OCK3 
OCH3 
;/ (294} (29-3) :::-.... 
CH3 OCH3 
Scheme 56 
On using an inert solvent (benzene) in place of ethanol the products (293) and (294) were 
seen upon treating canadine with cyanogen bromide (Scheme 56).85 
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1.8.3.4 Reaction of Ouatermuy Protoberberine Salts with Grignard Reagents 
The condensation of quaternary protoberberine salts with alkylmagnesium bromides is 
known86 as exemplified in Scheme 57 by the reaction of berberine with phenyl- and 
benzylmagnesium bromide yielding the Grignard adducts (295). 
< 
G ( x RMgBr R 0 
.. 
OCH-J OCH3 
berberine 
(295y 
OCH; [R = phenyl, benzyl t OCH3 
Scheme 57 
In this context the N-7 to C-8 bond of quaternary protoberberine salts possess a carbonyl 
group-like nature. 10 
.. 
G ~ 
R 
(0 
l' 
RMgBr 
8 
'R " 
1.8.3.5 Other Common.Beactions ofPratnberberines 
Under the conditions of catalytic hydrogenation optically active tetrahydro protoberberines 
such as (-)-coreximine, (-)-tetrahydropalmatine and (-)-xylopinine undergo racemisation at C-
14. Only catalytic hydrogenation procedures involving the use of Adam's catalyst (Pt, Hz) 
appear to racemise the starting material protoberberine (296), probably by initial adsorption 
onto the catalytic surface followed by homolytic cleavage of the C-14-H bond. The resulting 
radical intermediate (297) is then hydrogenated to the racemate (298) (Scheme 58). Other 
catalytic hydrogenation procedures involving the use of palladium or Raney-Nickel are not 
effective in promoting racemisation in this context. 87 The use of phenolic groups apparently 
slows down the racemisation process. 87 
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The hydrochloride salt of the Hoffinan elimination product of tetrahydroberberine 
(tetrahydroberberine methine hydrochloride (299» when heated forms the two basic 
pyrrocoline systems (301) and (302)88 as illustrated in Scheme 59. The latter two compounds 
comprise a 6,5,6,6-arrangement (referring to ring A,B,C,D respectively) as opposed to the 
6,6,6,6-arrangement found in protoberberines. 
( L "" Hoffman 
• Q /-OCff3 
elimination- OCH3 
Cff3 
(299) 
OCH3 
tetrahydroberberine 
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r
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(300) 
QCH3 
OCH3 
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Scheme 59 
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The 2,3-methylenedioxy group found in many tetrahydroprotoberberines has been cleaved 
with sodium in liquid ammonia. This cleavage results in the removal of a 'CH20' unit and 
furnishes the appropriate 2-hydroxy species as shown in Scheme 60. The 2-hydroxylated 
species (303) and the 9-demethylated species (304) are formed from canadine89 suggesting 
that the fission of the methoxy group is slower than the cleavage of the methylenedioxy 
group. 
OCH3 
( (303) NaJNHj OCH3 
0 + .. 
OCH3 
(288) 
OCH;; 
OH 
(304.} 
OCH3 
Scheme 60 
The conjugated diene unit present in ring C of quaternary protoberberine salts has been 
known to undergo a 2+4 cycloaddition.9o In this context the diene unit of berberine undergoes 
a Diels-A1der type cycloaddition with ethyl vinyl ether (the dienoQhile) generating the 
bridged quaternary protoberberine (305) as outlined in Scheme 6t,9° 
e ( e x I x 
J-lsCH2CO- 0 
'" 
octt3 Clf:JCN,A OCH3 
berberine (305.} 
oe~ OCH3 
Scheme 61 
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1.8.4 Chemical Degradation of Protoberberines 
The elucidation of the structure of unknown organic compounds prior to the arrival of 
spectroscopic techniques was achieved by the chemical fragmentation of the unknown (the 
parent molecule). To this end tetrahydroprotoberberines and their quaternary salts undergo 
degradation to the corresponding daughter fragments as outlined in Scheme 62 using (-)-
steponine (306) as an example.91 The fragmentation of O,O-diethylsteponine (307) with 
potassium permanganate yielded the two regiomeric phthalic acids (308) and (309). 
Alternatively pyrolysis of (307) resulted in the N-demethylated intermediate (310). Lastly, 
. permanganate oxidation ofthe latter yielded the oxoiso~uinoline (311). 
e 
HO I 
H3CO H""'" 
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I '-': + H3CHzCOXXCOOH 
/. 
H,CO COOH 
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An alternative degradation procedure has been described for tetrahydroprotoberberines 
containing a C-13 methyl group, as exemplified by the chemical breakdown of (+)-
thalictricavine (312) as outlined in Scheme 6392 Initial N-methylation and Hoffinan 
elimination yielded the tricyclic enamine (313) in which the ringiunction of ring B and C has 
been cleaved. The Emde reduction of (313) cleaves the tricycle accessing the N-dimethylated 
intermediate (314). Ozonolysis then yields 2-acetyl-S,6-dimethoxytoluene (315) (Scheme 
63). 
(312); (+ )-thalictricavine 
(315) 
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2.7.4 A Review of Previous Syntheses of th~ Amin& Alcohol Fragment of Nuevamine 
2.7.4.1 A Racemic Synthesis 
Given the widespread· occurrence- of the- rnethylenedioxy group of the target amino alcohol 
(631) in many natural products it is surprising that it is not commercially available, either as 
the amino alcohol, amino acid, or acid derivative (eg. as the methyl ester hydrochloride-salt). 
The preparation of the amino acid (632) in both racemic and optically active forms is 
known. 169 
(632) 
Alkylation of acetyl amino malonate (633) with piperonyl chloride (634) afforded the diester 
(635), the decarboxylation of which furnished the N-acetyl derivative (636), which in turn 
can be hydrolysed to afford (±)-(632) (Scheme 137). 
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The same authors also report the opticairesoiution169 of (±)-(632) as outlined in Scheme 137. 
The racemic N-acetyl derivative (636) and cinchonine (639) (a resolving agent for clural 
acids) were dissolved in absolute ethanol producing a nriKture of two diastereoisomeric salts, 
respectively the R and S forms (637) and (638). 
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H 
(639) 
The diastereoisomers were separated by virtue of their differing solubility in ethanol: th(} (act 
that (638) (the S salt) is more soluble in ethanol than (637) (the R salt) has been exploited. 
Accordingly, the hydrolysis of (637} and (638) produced the (R)-(632) and (S)-(632) amino 
acids respectively. 
The methylenedioxy group containing podophyllotoxin (640) is a synthetic precursor to 
etoposide (641), a clinically useful anticancer drug. In their synthesis of aza analogues of 
(640), Tomioka et. al.170 have reduced bot~ racemic and optically pure forms of the amino 
acid (632) (obtained via the route outlined in Scheme 137) to the appropriate amino alcohol 
(631), using 3eq. lithium aluminium hydride in anhydrous THF, with no loss of 
stereochemistry. 
?H Ra ~ ~ 
< a ( 0 
-;/ (641) -;/ (640) 
"'" 
0.- OCH. Hsca OCHs HsCO 
R-, S-, or racemic (631) 
OH OH 
whereR=~ OH . 
\ v-~Y 
2.7.4.2 An Optically Pure Synthesis 
The retrosynthesis in Scheme 138 delineates the enantiospecific synthesis of ribasine (642) 
by Ollero et. al.17I to the fragments (643) and (R)-(644). The. latter can be further 
retrosynthesised to the highly priced D-DOP A. The feasibility of their route towards ribasine 
was tested by using the more affordable L-DOPA as the chiral starting material. 
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(R)-(644) 
D-DOPA 
The key transformation in the synthesis of amino alcohol (631) is the insertion of the 
methylenedioxy group into the catechol portion of L-DOPA. Although there are numerous 
procedures available in the literature for the methylenation of catechols,172 previous attempts 
to methylenate L-DOPA directly failed, due to the instability of its phenolic hydroxyl groups. 
Furthermore, L-DOPA is insoluble in the most common organic solvents used for this type of 
transformation, such as DMF and acetonitrile. 
Thus the methyl ester of L-DOPA was prepared as outlined in Scheme 139, which in turn 
was subjected to a further two protections. The phenolic hydroxyl groups were protected as 
the tert-butyldimethylsilyl (TBDMS) ethers furnishing (645). Following phenylflouren-9-yl 
(Pf) protection, the methylenedioxy group" was inserted and the TBDMS protection removed 
concomitantly allowing access to intermediate species (646), which was brominated to (647). 
The hydrolysis of the methyl ester portion of (647} to the carboxylic acid unfortunately 
resulted in the racemisation of the product (648) (Scheme 139). 
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The authors eventually decided to prepare (R)-(644) by adopting the 'dural auxiliary' 
approach. The tert-butoxycarbonyl (Boc) protected oxazinone (R)_(649)173 was alkylated 
with piperony\ bronlide (650).174 The resulting alkylated. oxazinone (651) (obtainedin-82% 
yield and 99.5% d.e.) underwent hydrolysis and- hydrogenation to afford the optically pure 
anlino acid (R)-(632) (Scheme 140). 
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By commencing the synthesis outlined in Scheme 140 with the opposite S-enantiomer of the 
oxazinone (649), the opposite S-enantiomer of the amino acid (632) (required for the non-
racemic total synthesis of nuevamine) can be accessed. Because of its ease of preparation and 
high diastereoselectivity, one can easily envisage the use of this route in the synthesis of 
amino alcohol (631) via the lithium aluminium hydride reduction of the precursor amino 
acid. 
2.7.5 Our Synthesis of the AminoAlcohol Fragment of Nuevamine 
It was decided to prepare the desired amino alcohol by methodology similar to that outlined 
in Scheme 139. The TBDMS protected methyl ester of L-DOPA (645) (65% yield fromL-
DOPA methyl ester hydrochloride) was N-Boc protected under standard conditions affording 
the triple point protected analogue of L-DOPA (652) (95% yield): TBDMS grOU{} cleavage 
with cesium fluoride and methylene group insertion with bromochloromethane were achieved 
simultaneously in a one pot procedure furnishing the N-Boc protected methyl ester (653) in a 
yield of 60%. Removal of the Boc group under standard conditions furnished (654) in 75% 
yield. Finally, the latter was reduced (LiAll1J} to (8)-(631) in 80% yield, the work-up 
procedure of which was carried out in sodium hydroxide solution as it was feared that an 
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acidic work-up may result in the hydrolysis of the newly formed aryl acetal portion of the 
molecule (Scheme 141). 
(645) 
(654) 
LiAlH4(3eq.}, 
THF, A, 8Q9;"'. .. 
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(653) 
Recall that in Scheme 139, Ollero et. al. 171 used the Pf group to protect the amino group, 
which is stable to base hydrolysis. Thus, in the transformation of (647) to (648), the Pf group 
remained unchanged. Since we do not need to utilise any such hydrolytic conditions, the 
commonly used Boc protecting group sufficed. Furthermore, the use of bromo chloromethane 
over DCM was seen to be beneficial, given that the bromide ion is a better nucleophile and 
hence a better leaving group over the chloride ion. 
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The stereochemistry of the target amino alcohol (631) prepared by this route has remained 
unchanged, as the product has an optical rotationof-29_7 (c L7, CHCh).170 
2.7.6 Onr Attempts Towards thtTotal Non-Racemic-Synthesis ofNnevamine 
2.7.6.1 Initial Condensation and Cyclisation Reactions 
Owing to time constraints a synthesis of the aldehyde (630) was not possible. It was decided 
to react (S)-(631) with the commercially available aldehyde (655) (opianic acid, the 
regioisomer of (630)). as outlined in Scheme 142. This would allow us to prepare one 
suggested isomeric structure of nuevamine and demonstrate the potential of our 
methodology. 
OCH3 
H3C0'6cCOOH I~ 
/-
CHO 
(655) 
(657J 
TMSOTf, OCM, 
-1O"'C,80% 
0: ~o 
~-OH 
..... '
Scheme 142 
(656) 
The initial condensation of the aldehyde and amino alcohol precursors in refluxing toluene 
afforded the tricyclic lactam (656) in 89% yield as a single diastereoisomer. Subsequent 
TMSOTf mediated intramolecular cyclisation of also proceeded in a high yield (80%) 
affording the ring fused tetracyclic compound (657), again as a single diastereoisomer. 
Results and Discussion 189. 
At this point it was decided to review the above methodology. Althou~h thus far the reactions 
outlined in Scheme 142 are analogous in terms of yield and diastereoselectivity to the 
nuevamine skeleton, the synthesis of the amino alcohol (S)-(631) requires a total of six steps 
from L-DOPA in yields ranging from 60-95%. Furthermore, two out of the six steps invoJve 
the removal of the Boc and TBDMS grou~s resulting.in a substantial loss of molecular 
weight from the molecule, ultimately leading to small quantities of (S)-(631). The preparative 
route of Scheme 141 was ~romp-tl)'" modified. 
2.7.6.2 An Alternative Route 
The TBDMS protected methyl ester (645) whose preparation was discussed in Scheme 139 
was reduced (3eq. LiAl&, diethyl ether) to furnish the TBDMS amino alcohol (658) in 85.% 
yield. The amino alcohol was then reacted with the aldehydic acid (655} in refluxin~ toluene 
affording the lactam (659) (97% yield) as a single diastereoisomer (Scheme 143). Treatment 
of the latter with TMSOTf yielded the tetracycle (660} (50% yield} as the maj.or product of 
the reaction. The TBDMS groups have been removed in this step. It was envisaged that the 
catechol portion of (660) could bemethylenated at a later sta~e. 
However, all attempts to oxidise the pendant hydroxymethyl group of (660) to the aldehyde 
using Dess-Martin periodinane were unsuccessful owing. to the partial insolubility of this 
intermediate in DCM resulting in only a small amount of the corresponding aldehyde being 
formrd. 
It was decided to convert the sil)'1 lactam (659) to the meth),lenated lactam (656) (that 
, 
obtained via the direct condensation method shown in Scheme 142) in 74% yield. The single 
diastereoisomer of the tetracycle (657} obtained following. TMSOTf mediated cyclisation of 
lactam (656) was subjected to oxidation (Dess-Martin periodinane) affording the aldehyde 
(661) in 85% yield as a 9:1 diastereomeric mixture (Scheme 143). 
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2.7.7 Decarbonylation Studies 
TMSOTf, 
DCM, 
-llfC, 
50% 
The decarbonylation studies llerformed on the nuevamine skeletal aldehyd~ (172) emllloyed 
the use ofthe rhodium catalyst (5%), dppp (12%) in refluxing xylene for 2 hours, resulting in 
a product yield of 95% (Section 1.6.S, Scheme 37). In the synthesis of lennoxamine (602), 
Moody175,176 employed a much longer reaction time of 18 hours using the same proportions 
of catalyst and ligand (Scheme 144). 
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Given these two high yielding examples, the use of rhodium and dppp seemed to be the 
obvious choice of reagents to effect the decarbonylatiofr of aldehyde (661}; The- outcome of 
each decarbonylation experiment attempted on the aldehyde (661), along with the reaction 
conditions used.are summarised in ~ 13. 
Table 13 
Entry Rh cat.l% dppP/% Reaction Outcome 
fime/bours 
1 5 12- 2- aldehyde Iacemisatioll. 
2 10 22- 24- aldehyder~ 
3 5 15- 24- aldehyde racemisatioo. 
. some formation of desired product (601) + 
-
unidentified side product. 
4 S rs TI afdeliyde racemfsatfon. 
. =fOllllatiolI urdesired ploduct{661:}+ 
l-
f- -URideatified-side prOOoof. E 1-:2 Fatiej;-
As can be seen from Table 13, aldehyde racemisation was seen in all entries. Only entries 3 
and 4, which (employinglonger reaction times, and a three-fold excess of ligand relative to 
the catalyst) resulted in the fOlIlIation of the desired product (601). The formation of an 
unidentified product was also observed in these entries which was chromatographic!l1ly 
inseparable from the target despite numerous attempts at altering the eluent system. 
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It was thought that this side product may be the enamide (663), as per analogous reactions 
performed during the synthesis of the pyridoisoquinoline (Section 2.5.3) and 
pyrroloisoquinoline (discussed in Section 1.6.6) ring systems. Hence the crude reaction 
mixture obtained from entry 4 was subjected to a hydrogenation reaction (H2, 10% Pd on 
carbon) in the hope that complete conversion of the suspected enamide side product to the 
hydrogenated (601) would occur. Unfortunately this was not the case and the hydrogenation 
merely lead to the recovery of the startingmaterial. 
H 
(663) 
A pure sample of the nuevamine regiomer (601) was eventually obtained (ca. 5mg) by flash 
column chromatography on silica gel usin~ ethyl acetate/light petroleum (I :9) mixtures as 
eluent. It is noteworthy at this point that this chromatography also proved to be highly 
problematic. In the majprity of fractions collected co-elution with the unidentified side 
product was seen. Despite this setback, the 250MHz 1H NMR spectrum (see Appendix D) of 
the 5mg sample obtained appeared to be an exact match to that obtained by Alonso et. al. 167 
The key peaks of interest in the spectrum of (601) are four IH multiplets (double triplets) 
appearing at 2.76, 2.98, 3.39 and 4.53, corresponding to the two protons of the benzylic 
carbon atom and the two protons of the methylene group,_ newly created from the 
decarbonylation reaction. 
2.7.8 Decarboxylation Studies 
Prior to the successful rhodium catalysed decarbonylation that furnished the nuevamine 
skeletal aldehyde (172), a reaction pathway involving a decarboxylation step was tested. The 
aldehyde was oxidised further to the acid (664).177 Oxidative decarboxylation followed by 
subsequent Lewis acid mediated reduction of the product (665) furnished the asymmetric 
nuevamine skeleton (169) (Scheme 145) in 58% e.e. by chiral HPLC experiments. 52 
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Similar decarboxylation studies on the aldehyde (661). were not as successful as those carried 
out on the skeletal system. An impurity was present in the formation of the product derived 
from the initial sodium chlorite oxidation step, the identit), of which is possibl)' the enolised 
acid (666). This finding is consistent with that of the skeletal system. 
o HO 
OH 
250 MHz 'H NMR analysis of the crude product obtained from the oxidative decarboxylation 
and subsequent reduction of the carboxylic acid/enol revealed the presence of the desired 
product (601) along with the same unidentifiable product seen in the decarbonylation studies. 
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2.8 Suggestions for Future Studies 
2.8.1 Decarbonylation Studies: the Syntheses of Non-Racemic Nuevamine and the 
Pyridoisoquinoline Ring System 
One proposed structure of nuevamine has been made in a low yield (3%) b~ rhodium 
catalysed decarbonylation of aldehyde (661), in decarbonylation studies that were marred by 
the co-elution of an unidentifiable side product during the purification stage. Furthennore, the 
purification of the pyridoisoquinoline (447) from the crude product mixture of the preceeding 
decarbonylation and hydrogenation steps also imposed problems during its isolation. 
One can envisage employing differing ratios of the rhodium catalyst/dppp ligand and the use 
of a longer reaction time (6-8 days) to be suitable variations to effect these transfonnations. 
The use of the lower boiling acetonitrile or benzonitrile in place of xylene can also be another 
alternative. Together these experimental variations may even eliminate the fonnation of the 
unidentified side product fonning in the decarbonylation and decarboxylation pathways. 
2.8.2 An Alternative Preparation of the Amino Alcohol Precursor of Nuevamine 
The overall yield of the amino alcohol (631) prepared from L-DOPA is only 21% over 6 
steps. To increase the yield of this important precursor, the preparative route outlined in 
Scheme 140 can be attempted. Recall that the amino acid (R)-(632) was made by alkylation, 
hydrolysis and hydrogenation of oxazinone (R)-(649).173 Subsequent reduction of (R)-
(632i70 can afford the desired amino alcohol. This alternative route can potentially afford 
either enantiomer of(631}in a much higher 68% overall yield over 4 steps. 
2.8.3 An AmN Mediated Radical Decarboxylation 
In their description of an enantioselective total synthesis of geissoschizine (667), Martin et. 
al. 178 have reported a facile and efficient AIBN initiated radical decarboxylation of the acyl 
selenide of carboxylic acid (668) to the geissoschizine precursor (669) in 79% overall yield 
over two steps (Scheme 146). 
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This radical pathway can be applied to the acid derived from aldehyde (661} (nuevamine 
preparation, Scheme 147a), and the pyridoisoquinoline aldehyde precursor (507) (Scheme 
147b), and may prove to be a valuable alternative to the decarbonylation and decarboxylation 
pathways described previously. 
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2.8.4 Synthesis of the Aldehyde Precursor of N uevamine 
The ortho-specific a-hydroxyalkylation of phenols with aldehydes as reported by Nagata179 
can be adapted with a view towards the preparation of pseudopianic acid (630l-startingfrom 
the commercially available 3-hydroxy-4-methoxybenzoic acid (672) (Scheme 148). 
Treatment of the latter with benzene boronic acid and paraformaldehyde in refluxingbenzene 
can potentially furnish the dioxaborin (673). A hydrogen peroxide oxidation or a propylene 
glycol exchange reaction can afford phenol (674}~bearinga hydroX)'JIIethyl grouj1 occuPXing 
the ortho position relative to the phenolic hydroxyl. With phenol (674) in hand, it follows 
that (630) can be accessed via the oxidation and methylation of (674) (Scheme 148). 
0 
0 beIlzenebOlonic acid, OH 
OH- (CH~)",-
~ 
"0 H3CO propanoic acio, OH benzene,L\ (673) (672) 
Q. 
eGHo 
. ill propylene gfycol, 
'F\3 benzene, L\ 
OH (6"lS)- OR 
(it! 1I2D2 (3B%), 
THFr Q-2SoC 
0 0 
Oxioation 
OH 
.- OH 
~ ~. OH 
H3CO Met~ H3CO 
OCH3 £,H 
(674) 
(630) 
Scheme 148 
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Initial studies involving paraformaldehyde and (672} in refiuxing toluene (a less toxic 
alternative to benzene) were unsuccessful. The hydrogen peroxide oxidation step of the 
dioxaborin resulted in a complex mixture of unidentifiable products observed in the crude 
250MHz IH NMR spectrum. At this point it must be noted that the ortho-hydroxyalkylation 
studies carried out by Nagata et. al. were on relatively simpler phenolic systems. The 
presence of the carboxyl group occupying the meta position relative to the phenolic hydroxyl 
of (672) may sterically hinder the formation of the dioxaborin (673), In addition 
benzeneboronic acid complexation to the carboxyl group cannot be ruled out, however 
attempts to carry out dioxaborin formation on the methyl ester (675). also resulted in the 
recovery of the starting material. In this regard, further studies can be carried out on the 
dioxaborin using the propylene glycol exchange reaction. 
The commercially available 2,3-dimethoxybenzyl alcohol (676) can also be a suitable starting 
precursor for the synthesis of (630) (Scheme 149). Treatment with iodine and silver 
trifiuoroacetate can afford the ortho-iodinated product (677).180 The corresponding phthalide 
(678) (pseudomeconin} can be obtained by either 0) palladium catalysed carbonyl group 
insertion of the latter/8o or (ii) treating the crude nitrile of (677) with methanolic potassium 
hydroxide. l8l Pseudomeconin can be converted to the desired pseudopianic acid (630) by 
bromination and aqueous hydrolysis (Scheme 149).182 
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The asynunetric total synthesis of nuevamine (616) can now be attempted as outlined in the 
retrosynthesis in Scheme 136, and should be facile once the decarbonylation conditions and 
reaction yields of the amino alcohol and aldehyde fragments have been 0Dtimised. 
2.8.S Further Studies Towards the Synthesis of Non-Racemic Xylopinine 
Recall that the TiCk mediated cyc1isation of the tricyclic lactam (S87b). (Section 2.613, 
Scheme 126) resulting from the initial condensation of lactol (S77) and 3,4-
dimethoxyphenylalanino\ (S04).resulted in the formation of the enamide (S88). 
(S88} 
o 
H 
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One can envisage separating:th~,diastereoisomers syn-(587b) and anti-(587b )of the lactam in 
',~ " 
subsequent preparations prior to \?yc1isation and carrying out these reactions with different 
Lewis acids as outlined in Scheme ISO, Of particular interest are cyc1isation reactions 
performed with non-chlorinated Lewis acids namely TMSOTf and BF3,OEtz, If successful 
the cyc1isation reactions would afford the tetracyc1ic isoq]linoline (570), . .the oxidation and 
decarbonylation of which can potentially furnish either enantiomer ofxylopinine (448), 
'.' 
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Ring opening of (549) with ~-phenethylamine {550J. followed by subsecwent acetylation of 
amide (551) gives intermediate (552). Subjection of the latter to Bischler-Napieralski 
conditions gives the unstable imine (553). Oxidation Qrovided nitrone (554), the 
hydrogenation of which gave the secondary amine (555). N-Acetylation followed by 0-
deacetylation accesses the N-acetyl-O-hydroxyl species (557). Oxidation with sodium 
periodate gave aldehyde (558) The remainder of the synthesis of (-)-xylopinine was 
analogous to that described in Scheme 118, namely. the low temperature addition of the 
appropriate organometallic reagent to (558), followed by a Mannich condensation and a 
deoxygenation. 
In addition to the asynunetric Pictet-Spengler reaction, photochemical 1,3-asynunetric 
induction has been used by Kametanil56 to prepare (-)-xylopinine. The key step in the 
synthesis being the irradiation of the enamide (559) which would induce 1,3-asynunetric 
transfer during photolysis. A [1,5] sigmatropic rearrangement of the intermediate (560) 
afforded the xylopinine framework (561), further maniQulation of which furnished optically 
active (-)-xylopinine (-)-(448) (Scheme 120). 
H3CO 
ooc~ 
H3CO hu, benzene 
.. 
(559) 
oeH-3 
H3CO steps 
.. 
.. 
H3CO .. 
(-)-(448) 
oeH-j 
OCH3 
Scheme.120 
Results and Discussion 
H3C 
H3CO 
(560J 
H3C 
(561)-
oc~ 
OCH3 
El,S} sigmauopic 
rearrangement 
161 
Natural amino acids have been widely used to allow efficient transfer of chirality in 
enantiomerically enriched target molecules. In this context, Meyers has demonstrated the use 
of the formamidine (563) (derived from (S)-valinol) in a synthesis of (-)-xylopinine. 1S7 
Condensation of (563) with isoquinoline (562) accesses product species (564). 
Enantiospecific alkylation followed by Pictet-Spengler reaction of (566) furnished the target 
molecule (Scheme 121). 
(562) 
Br 
(565) 
H3CO HCHO, 
.. 
"" 
2NHCt 
(-)-(448) /-
cm OCH3 
OCH", OCH3 
Scheme 121 
Meyers has utilised his pioneering bicyclic lactam approach in a preparation158 of (-)-
xylopinine. The cyclodehydration of the appropriately substituted keto acid (567) with (S)-
phenylglycinol afforded the tricycle (568). Ring opening of the latter yielded N-substitut~d 
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isoquinoline (569). Sequential reduction, hydrogenation and formaldehyde assisted ring 
closure ofisoquinoline (569) furnished (-)-xylopinine (Scheme 122). 
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2.6.3 Our Attempts Towards the Synthesis ofXylopinine 
2.6.3.1 A Retrosynthesis 
I 
o 
(568) 
OCH3 
Red-AI, 
-78Qe trr"30QC 
.yo 
HO ~ 
(569) 
OCH3 
Following the successful preparations of the pyrroloisoquinoline ring system53,54 (via. Lewis 
acid mediated cyclisation of ethoxylactam (179) derived from imide (178),. Scheme 38) and 
the pyridoisoquinoline ring system (via. the initial formation of lactam (489) from aldehyde 
(472) and (S)-phenylalaninol, Scheme 107), it was recognised that either of these two routes 
could be adapted for the non-racemic synthesis of either enantiomer of xylopinine. The 
retrosynthesis of xylopinine to (R)-phenylalaninol and anhydride (573). (Route Al or (R)-
phenylalaninol and aldehyde (574) (Route B) is represented in Scheme 123. 
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2.6.3.2 Imide Forming Reactions Between Homophthalic Anhydride and (,S)-Phenylalaninol 
Route A was pursued first and the formation of imide (575) (R = H) was investigated from 
homophthalic anhydride and the cheaQer (S)-I!henylalaninol (Scheme 124). Reactions 
between these starting materials via procedures described by Naito et. al.134 and Heaneyl35 
(delineated in Schemes 104 and 105 respectively) as well as their direct condensation were 
investigated and are summarised in Table 12. 
o~o 
:r l 0... 
Procedure 
Homophthalic (S)-phenylalaninol. 
anhydride 
Scheme 124 
Table 12 
Procedure Outcome 
Toluene, A Formatiorr of enot(576) 
AcCl (5eq.), Toluene, !J. Formatiorrof enot(576! 
195°C, 2 hr Fonnalion orencl (576! 
(575) 
Yield(%) 
Upon examination of the lH NMR spectra of all the attempted preparative methods, it was 
pleasing to find the same maior Qroduct being formed in all cases. However, as Qer analogous 
imide forming reactions carried out between glutaric anhydride and (S)-phenylalaninol during 
the synthesis of the pyridoisoqJJinoline ring system, the sQectroscopic data apQeared to be 
inconsistent. 
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The dimethoxy lactol (577) was preQared by a five step procedure usins-homoveratric acid 
(579) as the starting point. Reduction (in 91% yield) followed by ring closure of the alcohol 
(580) with paraformaldehyde and TFA159 afforded the isochromane (581) in 62% yield. A 
phase transfer reaction160 of isochromane (581), .. involving TEBAC and KMn04 in refluxing 
DCM afforded isochromanone (583) in 84% yield. The former was then sublected to ring 
opening161 (KOH, H20) andoxidation(pDC) of the resulting hydroxy intermediate (585) to 
furnish the lactol (577) in 19% yield and in an overall yield ofonly4% over 5 steps (Scheme 
125). 
Similarly, oxidation of the benzylic ether portion of isochromane (582) afforded 
isochromanone (584) in 91% yield. Ring opening followed immediately by oxidation of the 
hydroxy intermediate (586) furnished the lactol (578) in 20% yield and in an overall yield of 
only 9% over three steps (Scheme 125). 
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The hydroxy intermediates (585) and (586) must be taken onto the oxidation step as soon as 
possible, to prevent excessive relactonisation back to their respective isochromanol1es. 
Relactonisation in this context is inevitable and cannot be avoided, as this leads to the more 
stable six-membered ringbeingreformed. 
2.6.3.4 Condensation and Cyclisation Reactions of the Lactam Precursors 
Lewis acid mediated cyclisations of the crude tricyclic lactam mixtures prepared by the usual 
method derived from lactols (577) and (578), and 3,4-dimethoxyphenylalaninol were 
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perfonned with the intention of ultimately synthesisingtetracyclic isoquinolines of the type 
(590) shown in Scheme 126. 
R 
o 
----------------~.-- R 
(577); R = -ocHy 
(578r,R=H 
Toluene, ~ 
R 
Scheme 126 
(581a); }t-= H; ~= -OCHj 
(58'7b);R=R! = -OCH3 · 
H 
(588); R = H, RI = -OCH3, 26% 
(589); R = RI = -OCH3,95% 
Based on all intramolecular cyclisation studies carried out by Lewis acids discussed thus far, 
two requirements are necessary for the successful cyclisation of a 1t-nucleophile onto an N-
acyliminium ion. The N-acyliminium ion must first be ~enerated by co-ordination of ~he 
Lewis acid to the oxygen atom of the amino alcohol auxiliary. This is accompanied by the 
concomitant aminal ring, 0I>enin~ of the lactam. Secondly, the attack of the 1t-nucleol2¥le 
must occur to quench the N-acyliminium ion, leading to the fonnation of the desired 
products. 
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Unfortunately this outcome was not observed in this case. Treatment of the crude tricyclic 
lactams (587) with TiCI4 afforded the enamides (588) and (589) in yields of 26 and 95% 
respectively (Scheme 126). Although the 'ring opening' re~uirement has been fulfilled, 
intramolecular It-nucleophilic attack has not taken place and the N-acyliminium ion (591) has 
been deprotonated, resultingin the formation of the I>roduct enamides (588) and (589) 
(Scheme 127a). 
Although not itself an E2 (elimination, bimolecular) pathway, the antiI>eriI>lanar geometric 
relationship between the ~-C-H bond and the <r-C=N' bond of intermediate species (591) 
suggests a strong similarity between this d~rotonation and a typical E2 mechanism. Scheme 
127b outlines the mechanism of an E2 elimination reaction for comparison,iO as applied to 
the elimination of alkyl halide (592) to the alkene (594) when treated with a strong base (B). 
The reaction occurs in one step without any intermediates via the transition state (593). 
R' 
R' 
:/' 
'" 
I 
0 
OH 
R H 
(591) 
B~ .!l 
\~ l 
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Enamide formation is a commonly occurrinlt side reaction in N-acyliminium ion chemistry. 
Occasionally, enamide formation may be reversible in an acidic medium,1 and can lead to 
dimeric species,162 where the newly formed enamides. can act as nucleophiles and reactwith 
the N-acyliminium ions still present in- solution. The- problematic side reactions of enamide 
and dimer formation in N-acyliminium ion chemistry arise because the N-acyliminium ion is 
not trapped fast enough by a- nucleophile. This, in turn, can occur if the nucleophile is not 
very reactive or ifthere is too much steric hindrance. 
In the case of intramolecular reactions such as that outlined in Scheme 126 (describing. our 
attempts at the cyclisation of lactams (587) to enamides (588) and (589», enamide formation 
can be attributed to unfavourable stereoeleetronic factors (anti-Baldwin processes} or if a 
medium or large size ring (eg. a 6-membered ring) is to be formed following the cyclisation 
of the N-acyliminium ion. A literature- examQle of this is given in Scheme 128, deSCribing, the 
ring closure of acetylene (595) to either the desired ring closed product (598) or the dinier 
(600) (via enamide (599» in the presence of formic acid.163 Carrying out the reaction in a 
concentrated solution (0.5mmo1 (595) in 3m1 formic acid) led to the formation of a 5: 1 
mixture of (598) : (600). Whereas in a more dilute solution (40ml offormic acid), the desired 
ring closed product (598}was formed with no trace ofthedimeric side product (600). Thus in 
this particular system, enamide formation is reversible. Furthermore, it has been found that 
the propensity of N-acyliminium ions to form enamides depends on the nature of acidic 
catalyst and solvent. 162 
Results and Discussion 171 
I 
I 
I 
I 
I 
~ HeO~ 
o ? ~~H ---~--l.~ 
~ 
(595) 
(598)-
ring-ek>sllf~ and 
hycholysis 
~" :::-====::::. 
(596) 
(596). 
Scheme 128 
(597) 
I'f. 0 
11 
(600) 
H 
One could also argue that f3~e1imination to the- six-membered a,f3-unsaturated enamides (588) 
and (589) is further stabilised by the presence of a fused aryl ring leading to the observed 
products. Furthermore; this particular outcome is not surprisingdue ter the large- excess of 
chloride ion in the reaction solution, given that l.Seq. TiCI4 was used in the cycIisation of the 
crude lactam precursors ofthe observed product enamides. 
Attempts to induce cycIisation of the crude lactam mixture of enamide (588) using a protic 
Lewis acid (lhS04, -IODC, DCM) resulted in the recovery of th~ startingmaterial, as did 
treatment with catalytic Hel in refluxing methanol. Further elaboration of the product 
enamide (589) with catalytic Hel in refluxingmethanol was also fiuitIess in this context. 
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2.7 Towards the Total Non-Racemic-Synthesis of Nuevamine 
2.7.1 Structural Characteristics aud Biological Relevance of Nuevamine 
Isolated as a racemate from Berberis Darwinii Hook. (a member of the Berberidaceae plant 
family), nuevamine (601) was the- first known naturally occurrin~ isoindoloisoquinoline 
alkaloid at the time of its isolation by Eajardo and co-workers in 1983_164 The same group 
have also described the isoindolobenzazepine alkaloid lennoxamine- (602) from the- same 
plant species. 
o o 
(W2}-
Nuevamine and lennoxamine- are minor alkaloids of the- Berberidaceae, and although they do 
not possess any known biological activity, their isolation and characterisation have proved 
useful in determinin~ the- catabolic pathways of some- of the I1rincil1le alkaloids. 
For example, isolation of the minor alkaloid (±)-chilenine (603) (from Berberis Empetrijolia 
Lam.) by the same authors165 led to an understanding of the catabolism of the 
protoberberinium salt berberine- (604) It is thought that chilenine- is made- in- vivo by 
oxidation of berberine to the reactive intermediate 8,13-dioxo-14-canadine (prechilenine) 
(605), which in turn can under~o rearran~eme-nt to (603) (Scheme 129). 
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(604)_ 
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2.7.2 A Review ofPrevions Syntheses ofNuevamine and its Skeleton 
o 
o-l 
The first in vitro synthesis of nuevamine was reported in 1979166 and is outlined in Scheme 
130. 
Rin& opening of chilenine with methanolic potassium hydroxide· affords access to the 
'imido\' species (606), the N-acyliminium ion (607) of which can be generated by treatment 
with an acid catalyst. Intramolecular cyclisation to the dienonium cation (608)- allows a 
carbon-carbon bond to be formed between the imino carbon and the aryl carbon atom bearing 
the carboxylic acid group. Although the N-acyliminium ion has been <J!.Ienched by the 
nucleophilic attack of the aryl ring, the enonium ion (608) needs to be quenched and the 
aromaticity of the aryl rin&needs to be re&enerated in order to yield nuevarnine: To this end, 
(608) undergoes facile decarboxylation to nuevarnine. 
It is thought that the in vivo synthesis of nuevarnine occurs in a· similar fashion to that 
outlined in Scheme 130. 
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Alonso et. al. 167 devised a synthetic route toward (±)-nuevamine that employs the use of 
readily available startin& materials and does not involve the transformations of kno~ 
alkaloids (such as (±)-chilenine). Essentially imidol (611) was prepared from 
methylenedioxyphenylethylamine and the suitably substituted chloroQhthalide «610) and 
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(609) respectively). Treatment of (611 ) with TF A in DCM afforded (± )-nuevamine via the N-
acyliminium ion (612) (Scheme 131). 
Cl 
(609) 
H3C"tr)QCH:>-' er.~ .. @ 
~. . /, 
. « 
Scheme 131 
However it was found that the meltinlt point and spectral data collected for this particular 
preparation of nuevarnine were inconsistent with that of the natural compound. The authors 
subsequently examined a synthesis of (±}-nuevarnine from natural (±)-chilenine as outlined 
in Scheme 130. 
Essentially, rinltopeninlt of (603} followed by an alternative protonation of the resultipg 
intermediate (613) affords the regiomeric imidol (614). Protonation and decarboxylation of 
the latter then furnishes (616) (Scheme 132) via the enonium intermediate (615); The end 
product of this sequence displays identical melting point and spectroscopic data to the natural 
compound. 
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This prompted a reassignment of the molecular structure of nuevamine from the regioisomer 
(601) (in which the two methoxy groups are proximal to the amide carbonyl group) to the 
'crescent like' regioisomer (616) (in which the two methoxy groups are distal to the amide 
carbonyl group). 
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Treatment of appropriately. substituted benzoic acids with thionyl chloride, followed by 
addition of a variety of arylalkylamines (depending on the substituents R. and RI, and the 
length of the arylalkylamine carbon chain) afforded Winn and Zaug23 access. to the 
hydroxyphthalimidines (618) as outlined in Scheme-133. 
R 
cc$?"_c_on_c._H2_Si_04_. 
R' 
(617) R=H,-Ph 
Rl= H; -OCHJ, -0CH2<T-
n=1,2. 
(618)-
Scheme 133 
o o 
(619) 
R 
The N-acyliminium ion precursors (617) were subjected to intramolecular cyclisation using 
concentrated H2S04, furnishing a range of target tetracyclic isoindoloiso<Luinolines (618) and 
(619). One ofthese derivativeSr (620) (R= &:= H}, is tlte nuevamine skeleton 
o 
Heaney and Shuhaibarl68 have also reported a synthesis of tlte nuevamine skeleton that 
involves a methoxyisoindolone intermediate- as the N-acyliminium ion J:lrecursor. Reaction of 
methyl-2-formylbenzoate (621) with phenylethylarnine (622) afforded the imine (623), which 
in turn undergoes rearrangement uJ:lon treatment with catalytic sodium methoxide in dry 
methanol to the methoxyisoindolone (624). Titanium (IV) chloride (TiCk) then effected the 
transformation of (624) to (620HScheme 134). 
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Two common features become apparent ul'on closer insl'ection of the strategies describing 
the synthesis of nuevamine and its skeleton thus far. The synthetic precursor immediately 
preceding the generation of the target molecule in all cases is the approl'riate 3-substituted 
methoxy- or hydroxyphthalimide (ie. (614), (617) or (624». Secondly, the treatment of these 
precursors with a Lewis acid (TF A,. H2S04 or TiCI4! leads to the generation of an N-
acyliminium ion, the quenching of which occurs by the attack of the intramolecular benzene 
ring (the n-nucleol'hile). This intramolecular cyclisation constitutes the key carbon-carbon 
bond forming step between the imino carbon atom and the benzene ring (Scheme 135). 
o 
Lewis acid 
(625); R = Cl, -OH,-OCH3 (626) ~ ;'l 
Scheme 135 
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Naturally occurring nuevamine is racemic. Recall that our group has described a novel and 
highly stereoselective approach to the synthesis of an asymmetric variant of the nuevamine 
skeletonS! previously discussed in SectiolL 1.6.5, Scheme 37. 
2.7.3 Retrosynthesis of Nuevamine 
Retrosynthetic analysis (Scheme' 136)- of nuevamine reveals the target compound can be 
made by condensation of the aldehyde (630) (pseudo-opianic acid) and the amino alcohol 
(631). With the established high yielding methodology towards the nuevamine skeleton in 
hand it was envisaged that the condensation of (630) and (631) to yield tricyclic lactam (629), 
and its subsequent intramolecular cyeiisation and oxidation (furnishing the precursors (628) 
and (627) respectively), would be relatively straightforward. The decarbonylation of (627) 
would be the last step in a total non-racemic synthesis of nuevamine (616). 
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(627) 
~[OJ 
o 
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The synthetically challenging aspect of the preparation would therefore be devising suitable 
routes toward the aldehyde ( 630} (essentially a tetrasubstituted aromatic ring, with all the 
substituents contiguous to each other) and the amino alcohol (631). For a total non-racemic 
synthesis of nuevamine to be· possible; any route toward the amino alcohol must not 
compromise the stereochemical integrity of the a-carbon atom. 
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2.5.2.2 Other Syntheses of Substituted Piperidines and their Applications 
The preparation of3-substituted piperidines (460) has been reported by Husson et. al. 121 from 
the Iactam (461), derived from (R}-phenylglycinol and methyl-5-oxopentanoate. 
R~. Z .~Nft. o q~ 
H 
(460) (461) 
It follows that to achieve a synthesis of 3-substituted piperidines, (461) must be a1kyIated 
alpha to the carbonyl group. Direct alkylation of the bicyclic lactam was not possible under 
Meyers' conditions122 (LDA or s-BuLi, then alkyl halide). Rather, the conversion 0(461) to 
the hydroxy lactam (462) followed by low temperature addition of alkyl halide to the enolate 
of (462) effected the alkylation reaction. Amide reduction of the alkylated (463) followed by 
hydrogenation of N-substituted piperidine (464) afforded the 3-substituted piperidine (460). 
The overall process is represented in Scheme 96. 
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The presence of a carbonyl group in the above bicyclic lactams has also been exploited by the 
same authors to furnish a synthesis of 2,3-disubstituted piperidinesl23 by carrying out further 
transformations on the hydroxy lactam (463). Grignard reagent addition to sodium alcoholate 
(465) lead to the formation of oxazolidines (466), the reduction of which furnished the 2,3-
disubstituted piperidines (467) (Scheme 97). 
Results and Discllssion 129 
(463) 
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fr ~. .~. 'I l DNa ,. 
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Scheme 97 
(466) 
fHO) . 
R" : .'" 
"'0 '''Ph 
(467) 
The same group have also reported the synthesis of 2-substituted piperazines124 (468) and 
trans-2,6-dimethylated piperidinesl2S (469) using chiral non-racemic bicyclic lactams as 
precursors, 
(468) 
H 
H3C"Ni)" ..• ,CH3 
o 
(469) 
Amat et. at. 126 have described an alternative synthesis of bicyclic lactams of the type 
illustrated in Scheme 98 duringtheir synthesis of the piperidine alkaloid (R)-coniine (449), 
Condensation of glutaric anhydride with an appropriate amino alcohol, followed by 0-
acetylation yielded imides (470), Acid treatment of the ethoxylactam intermediate obtained 
from NaBR! reduction of(470) furnished the target bicyclic lactams (471) (Route A, Scheme 
98), 
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The same target bicyclic lactams were also prepared by the more direct cyclodehydration 
pathway using methyl-5-oxopentanoate (472) (Scheme 98, Route B). The yields and 
eis/trans ratios (with respect to the protons at C-2 and C-5) of the product bicyclic lactams 
obtained from both routes were compared and contrasted (Table 10). 
Table 10 
Entry R' RZ Route A RouteD 
Yietd/% ' .. cis:trans f Yieldt"1.> . ,. cis:trans 
1 Ph H 47 I }:7 2S 1:(} 
2 i-Pr H 62 (H 33- 9,1 
3 -CH2OCH~ Ph. 0. - 33 3:1. 
Higher product bicyclic lactam yields were obtained when Route A was employed (the 
'imide' route) than the direct condensation of the aldehydic ester and the appropriate amino 
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alcohol (Route B). More importantly, the trans isomer predominates in the product obtained 
via Route A, whereas products obtained via Route B show a predominance of the cis isomer. 
Treatment of the eis-bicyclic lactam (473) with TFA in dichloromethane gave a 14:86 
mixture of cis-(473) and trans-(473) (Scbeme 99). 
00 
W~ , H . ''''''0'' . TEA 
H 
cis-(473) trans-( 473) 
Scbeme99 
The reverse stereochemical outcome obtained in Routes A and B can be explained by 
considering that the trans isomer is the thermodynamically more stable isomer. In Route A, 
both epimers equilibrate during the final acid cyclisation step giving a mixture in which the 
more stable trans isomer predominates. Under the non-acidic conditions of Route B, 
however, the newly formed 2,4-oxazoline intermediate adopts the more stable cis 
configuration, which is maintained after the subsequent intramolecular N-acylation leading to 
the bicyclic lactam (47;3). 
The trans isomer (473) derived from (R)-phenylglycinol (entry 1, Table 10) was ring opened 
with allyltrimethylsilane and titanium (IV) chloride, producing a diastereomeric mixture 
(>9: 1) of 6-allyl-2-piperidinones (474) in 91 % yield. The same reaction, when carried out on 
the cis isomer, was found to proceed at a much slower rate with the products only being 
formed in a yield of 45%. In addition, some equilibration to the trans isomer was also 
seen.126 
Reduction of (474) followed by hydrogenation of the resulting 2-substituted piperidine 
(475a) (major diastereoisomer) resulted in the formation of (R)-coniine (Scbeme 100). In a 
later publication, the preparation of enantiopure 3-indolyl-2-piperidinones (476) from the 
bicyclic lactam derived from (R)-phenylglycinol is described. 127 
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The same group have also taken advantage of the presence of a carbonyl group within the 
substructure of trans-( 473) in their asymmetric synthesis of (+ )-paroxetine (477),128,129 a 2,3-
trans-disubstituted piperidine (Scheme 101) containing methylenedioxy phenol and para-
fluorophenyl groups respectively. One can envisage the generation of the corresponding a,jJ-
unsaturated lactam of trans-(473) to act as a Michael acceptor allowing the addition of a 
suitably substituted stabilised anion. However, since simple a,p-unsaturated lactams are 
known to be poor Michael acceptors,130,\31 the carbon atom alpha to the amide was 
quaternised by sequential addition of methyl (or benzyl) chIorofonnate and phenylselenyl 
bromide. Ozonolysis of the resulting selenides (478) afforded the a,p-unsaturated lactams 
(479). The presence of the electron withdrawing methyl and phenyl fonnates enhanced the 
reactivity of the system and facilitated conjugate addition of organocuprates resulting in the 
introduction of the para-fluorophenyl group. at the piperidine 4-position. Alane reduction of 
intennediate (480) ring opened the lactam and reduced both the amide and fonnate ester, 
furnishing the dihydroxypiperidines (481). Hydrogenation of the phenylglycinol auxiliary, N-
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protection and mesylation of the pendant hydroxymethyl group produced the two-point 
protected piperidine (482), the reaction of which with 3,4-(methylenedioxy)phenoxide and 
subsequentN-deprotection furnished (+)-paroxetine (477) (Scheme 101). 
then PhSeBr 
trans-(473) 
i) H2, (BochO, Pd(OHh, 
EtOAc,73% 
ii) MsCI, pyridine, lO"C 
(478) 
R=methyl,85% 
R =benzyl; 77% 
~I~X~'~~' 
(479) 
(P-c.sH4F)CuCNLi, 
-78"C; THF 
;:Jx5 
~ THF; -78"C; 
F (48l} 74% (R = benzyl) F~ (480) . 
i)H .. OH I" 
~ 
o 
\-0 Ms°X(Boc 
FD '''''' --N-aO-Me,--Me-O-H,-.-,.,,-, - ..... 
54% (over! steps.) 
(482) 
ii) 1'F A, DCM; 94% 
Scheme 101 
R = methyl, 80% 
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In the same year, Amat et. al. also reported the preparation of2,6-disubstituted piperidines132 
(483) «-)-dihydropinidine) and chiral piperidine derived epoxy_lactams133 (484), the latter 
being formed by treatment ofthe selenide (478) (Scheme 101) with m-CPBA resulting in the 
formation of (484) instead of the desired a,,B-unsaturated species (479), allowing further 
elaboration of the piperidinone skeleton as outlined in Scheme 102. 
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(483) (484) 
The acetyl derivative (485) and hydroxymethyl piperidinones (486) have been synthesised, 
respectively, from organocuprate addition and reduction of the bicyclic lactam substrates 
(484a) and (484b). 
(485) 
(frolll{484a}}ROOC ;'. 
~" 
(484a): R = methyl 
(484b): R = benzyl 
Scheme 102 
(486) 
2.5.3 Our Attempts Towards the Synthesis of the P:yridoisolJ!linoline Ring System 
2.5.3.1 A Retrosvnthesis 
With the methodology outlined in Section 1.6.6 in hand (describing,. Allin and James' 
synthesis of the pyrroloisoquinoline ring system), a route to the pyridoisoquinoline ring 
system was devised as outlined in Scheme 103 (Route A), involving,the formation of imide 
(488) from glutaric anhydride and (S)-phenylalaninol. Reduction and direct cyclisation of 
(488) would afford the ring, fused (487), the removal of the hydroxymethyl group of which 
can then be effected by the decarbonylation procedure of Section 1.6.6. 
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Scheme 103 
The alternative pathway (Route B, Scheme 103) involves the fonnation of the bicycle (489) 
from the appropriate starting materials, namely methyl-5-oxopentanoate (472) and (S)-
phenylglycinol, and its direct cyclisation to (489), and is discussed later (Section 2.5.3.3). 
2.5.3.2 Imide Forming Reactions of Glutaric Anhydride and (S)-Phenylalaninol 
Route A was attempted first towards the synthesis of the pyridoiso~uinoline ring system 
involving the fonnation of imide (488). Heating glutaric anhydride and (S)-phenylalaninol 
accompanied by azeotropic removal of water under the appropriate conditions, namely the 
presence or absence of triethylamine and the use of either toluene or dichloromethaneas 
solvent was envisaged to afford highly convenient access to the target imide. The presence of 
triethylamine is thought to facilitate the cyclisation process during the key imide forming 
step. 
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Unfortunately, analysis of the crude reaction mixtures of all the attempted permutations of 
solvent and triethylamine by lH NMR spectroscopy showed no imide formation. However, 
these spectra revealed the presence of a broad IH singlet Ileak at around 9Ilpm, suggesting 
the presence of a carboxylic acid group within the product. Furthermore, the IR spectrum 
revealed an absence of the carbonyl absofQtion fre'luency normally. associated with imides 
(ca. 1700 and 1710cm·1). 
It is possible that the key cyclisation step essential for imide formation has not taken place 
(despite the presence of triethylamine) and therefore the end product of this initial 
condensation is the carboxylic acid (490), and not the desired imide (488). 
(488) 
0yNR .. O .. H 
~OH 
o 
(490) 
Interestingly, Naito et. al. 134 have observed the formation of the carboxylic acid (492) during 
their synthesis of imide (493) (Scheme 104). 
AcCl, -rC OyNy.O ~V 
(493) 
Scheme 104 
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Heating glutaric anhydride with (S)-l-phenylethylamine (491) in refluxing toluene gives the 
acid derivative (492), further treatment with acetyl chloride furnished the desired chiral imide 
(493). 
The suspected carboxylic acid (490) was then subjected to imide formation as outlined in 
Scheme 104, and initial examination of the lH NMR spectrum of the crude product mixture 
suggested imide formation as the major product of the reaction. However, other spectroscopic 
data appeared to be inconsistent with imide formation. Specifically, the BC DEPT spectrum 
shows only four secondary carbon atoms compared with five that should be present in (488). 
OH 
(494) 
The identity of the compound formed in place of the imide could therefore be the enol form 
(494). 
The imide (488) was eventually prepared according to a procedure by Heaneyl35 and Taha, 
who have synthesised 13,13-dimethylberberines such as (495) from the initial 'fusion'. of 
homophthalic anhydride and a variety of arylalkylamines affording the imides (496) 
Dimethylation and reduction afforded the N-acyliminium ion precursors (498) which, when 
treated with Lewis/protic acids, underwent cyclisation to (495) (Scheme 105). 
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Accordingly, the fusion of glutaric anhydride and (S)-phenylglycinol at 195°C for two hours 
afforded the desired imide (488) in 90% yield. 
With the imide in hand, the corresponding ethoxylactam (499) was formed in 2.3: 1 d.e via 
the reduction of (488) (IO equivalents NaBHJ2M HCl). Unfortunately subsequent treatment 
of the crude ethoxylactam diastereoisomeric mixture with TiCl4 (1. 5 equivalents) in an 
attempt at intramolecular cyclisation resulted in the recovery of the starting material (Scheme 
106). 
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At this point it was decided to abandon the imide route and opt for the alternative pathway 
outlined in Scheme 103 (Route B) involvin& the use of'Meyers-type' bicyclic lactarns of the 
general type (500)_ 
(J. R' 2<:1 '(500) 
n = 1,2 
2.5.3.3 Condensation Reactions ofMethyl-5-oxopentanoate and @-Phenylglycinol 
Heating methyl-5-oxopentanoate136 (prepared via the acidic methanolysis and subsequent 
oxidation of O-valerolactone (501» with (S)-phenylalaninol under the usual conditions 
furnished a 4: 1 (syn/anti) mixture of the chromatographically separable bicyclic lactarn 
diastereoisomers syn-(489) and anti-(489) in a moderate yield of 50% (Scheme 107).137 
Recall that in similar condensation reactions, Amat has also observed low yields for bicyclic 
lactam products derived from (472) and (R)-phenylglycinol, (S)-valinol and (IS,2S)-2-amino-
3-methoxy-l-phenyl-l-propanol formed in 25, 33 and 33% yields respectively (Scheme 98, 
Route B).126 
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Also consistent with the findings of Amat126 is the fact that the 4: 1 diastereoisomeric ratio 
(with respect to the protons on C-2 and C-5 of (489» obtained is in the favour of the syn 
isomer. 
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The relative stereochemistry of .l}'n-(489) has been confinned by NOE experiments. 
Although no direct enhancement was observed on irradiation of signals corresponding to H-2 
(4.20ppm) and H-5 (4.64ppm), H-2 shows enhancements to HA. (3.70ppm). but no 
enhancement to HB. It follows that the relationship between H-2 and HA must be syn. 
Irradiation of the signal corresponding to HA.not only resulted in an enhancement of Ha (the 
geminal partner of HA at 3.99ppm), but also in the signal corresponding to H-5. Thus the 
relationship between HA. and H-5 must also be.\}'n. Due to both H-2 and H-5 showing 
enhancements to HA only (and not HB), it can be inferred that H-2 and H-5 adopt a syn 
orientation relative to one another. 
Unfortunately NOE experiments could not be perfonned on anti-(489) due to the coincidence 
of the signals corresponding to H-2 and H-S on the 400MHz IH NMR spectrum. 
With syn-( 489) in hand, attention was turned to the intramolecular N-acyliminium ion 
cyc1isation reaction. Treating syn-( 489) with l.5eq. of TiCI4 at -10°C in dichloromethane for 
20 hours resulted in the isolation of the cyc\ised product (487) in 65% yield as a single 
diastereoisomer. 137 
Interestingly the same diastereoisomer was obtained upon treatins. anti-(489) with TiCI4 
under the same conditions. m This result suggests the cyc1isation reaction proceeds via the 
initial fonnation of a fonnal N-acyliminium ion species (503) (Scheme I07). Thus in 
subsequent syntheses of (487), the chromatographic separation of syn- and anti-( 489) was 
deemed unnecessary and the TiCI4 mediated cyclisation was perfonned on the crude reaction 
mixture. 
Other Lewis acids (namely SnCI4, TMSOTf and BF3.0Eh) failed to induce cyclisation to 
(487) and instead resulted in epimerisation to anti-(489). Recall that similar equilibration 
conditions have also been reported by Amat,I26,129 
Thus pure lactam syn-( 489) can only be obtained by direct condensation of methyl-5-
oxopentanoate and (S)-phenylalaninol whereas pure lactam anti-( 489) can be accessed by 
equilibration under acidic conditions as well as the initial condensation reaction. Anti-( 489) is 
therefore the thennodynamically more stable epimer. 
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2.5.3.4 The Synthesis and Cyclisation of a More Functionalised Bicyclic Lactam 
The lactam (505) was prepared from methyl-5-oxopentanoate and 3,4-
dimethoxyphenylalaninoI (504) by the usual route in 94% combined yield and as a 6: I 
(syn/anti) diastereoisomeric mixture by 250MHz !ll NMR spectroscopic analysis.!37 
Based on the results described above for the TiC4 mediated cyclisations of both syn- and 
anti-epimers of (489), it was decided not to separate the diastereoisomers of (505) prior to 
cyclisation, since both syn-( 489) and anti-(489) led to the formation of the same rinK fused 
product (487). As expected, by virtue of the electron donating methoxy groups of (50.5) 
imparting a more nucleophilic character to the aryl ring, the cyclisation reaction proceeded 
cleanly to the formation of a single product diastereoisomer (506) in a slightly higher yield :of 
68% (Scheme 108).\37 
(472) 
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Confirmation of the stereochemical outcome of these cycIisations was attained by single 
crystal X-ray analysis on cycIised product (506) as shown in Figure 7 (see Appendix C for 
accompanying data tables). The product formed as a single diastereoisomer has the protons 
on C-5 and C-15 in a anti- relationship. m 
o (OH 
(506) 
OCHo 
Figure 7 
Furthermore, NOE studies were carried out on compound (487). No direct enhancement was 
observed on irradiating the signals corresponding to H-5 (4.60ppm) and H-15 (5.lOppm). 
Although this initially implies a anti-relationship between the two protons, further 
confirmation of the stereochemistry of C-5 relative to C-15 was obtained by irradiation of the 
signals of the benzylic protons HA and HR (as per the NOE study carried out on .5)ln-(489». 
This combined evidence led to the structural elucidation of (487). The absence of an NOE 
between protons 5 and 15 of product (487)is consistent with the expected structure and with 
previous reports from our group for related compounds.53,54 
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o ~OH 
(487) 
In order to rationalise the stereochemical outcome of the cyclisation reactions of lactams 
(489) and (505), Felkin_Anh48 like models have been invoked in which the two largest 
subsitituents of the stereocentre are positioned perpendicular to the carbonyl grouP. giving 
, 
rise to two distinct conformations. The conformational models highlighted in Figure 8 show 
the Felkin-Anh representation of the-N-acyliminium ion formed by TiCk activation of the 
bicyclic substrates (489) and (505). 
R 
R=H,-CH3 
o 
~~--~. (487), (506)· 
Plt't 
H 
A 
Figure 8 
B 
In conformation A, leading. to the favoured products (487) and (506), the carbonyl moiety is 
'eclipsed' in a 1,3-fashion by the small hydrogen atom at the ,B-amino alcohol chiral centre. 
The angular hydrogen atom at the imino carbon atom provides no sufficient steric bulk to 
interfere with the steric positioning of the benzyl or Lewis acid-complexed oxymethyl 
groups. In this model, the Lewis acid-complexed oxymethyl group is viewed as the lar~er 
substituent. 
In the alternative conformation B, which would lead to the minor (unobserved) product 
diastereoisomer syn-(487) and (506), the benzyl group is positioned as the larger substituent. 
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In this scenario an unfavourable 1,3-destabilising interaction appears to exist between the 
carbonyl group and the more bulky Lewis acid-complexed oxymethyl group. 
As TiCl4 is a Lewis acid capable of multipoint coordination, another plausible rationale 
behind the stereochemical outcome of the cyciisation reactions is the possible influence.of 
chelation control ie. additional complexation of the carbonyl oxy&en to the Lewis acid-
complexed oxymethyl group. 
Recall that the removal of the pendant hydroxymethyl of pyrroloisoquinoline (180). (Section 
1.6.6) was effected via the oxidation and rhodium catalysed decarbonylation of aldehyde 
(181), and subsequent catalytic hydro&enation of the enamide (182). A similar study aimed at 
removal of the hydroxymethyl group of (487) was undertaken. The use of the mild oxidant 
Dess-Martin periodinane138,139 proved to be an excellent choice for the oxidation of (487) to 
aldehyde (507), formed in 92% yield as a single diastereoisomer. 
o 
(507) 
2.5.4 Decarbonylation Studies 
:/0 
j H 
2.5.4.1 Rhodium Catalysed Decarbonylations of Some Simple Aldehydes and Acyl Halides 
Metallic palladium is known to catalyse the carbonylation and decarbonylation of aldehydes 
and acyl halides affordin&the correspondinKalkane carbon monoxide and HX or hydrog,en 
gas.140,141 The same transformation has also been effected by using complexes of another 
noble metal, rhodium, whose low valency (Rh (1» and ability to undergo oxidative addition 
of acyl halides or aldehydes make it a better catalyst for the decarbonylation reactions of 
aldehydes over palladium. 
The well known rhodium complex chlorotris(triphenylphosphine)rhodium (I) (508), better 
known as Wilkinson's catalyst has been effectively used by Tsuji and Ohno142 and 
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Walborsky143 III the stoichiometric decarbonylation of some simple aldehydes and acyl 
halides. 
RCHO + RhCI(PPh3)3 
(508) 
-------I.~ RH + RhCI(CO)(PPh3)2 + PPh3 
(509) 
SchemeJ09 
The complex (508) (Scheme 109) has a high affinity for carbon monoxide in solutions of 
benzene or chloroform and combines irreversibly with carbon monoxide to form the stable 
complex (509). The latter is also a highly efficient decarbonylating agent of aldehydes and 
acyl halides.142,143 At elevated temperatures it can be used catalytically. 
Scheme 110 delineates the mechanism of the decarbonylation of aldehydes with complex 
(509). Oxidative addition of (509) to the aldehyde (RCHO) results in the formation of the 
acyl complex (510). Reversible loss of carbon monoxide forms the 5-coordinate acyl species 
(511). Finally acyl-alkyl rearrangement of the latter produces the alkanes (RH) along with 
regeneration of the catalyst (509). 
o· 
III 
c 
I Ph3P-~h-PPlf3 + R~ 
Cl 
(509) 
(). 
III 
C 
I 
Ph3P-~h-PPh3 + RH 
Cl 
(509) 
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It follows from Scheme 110 that the expulsion of carbon monoxide and regeneration of the 
catalyst is essential for the successful decarbonylation of aldehydes. In 1978, Pignolet
l44 
reported the use of chelating diphosphine ligands with cationic rhodium complexes in 
decarbonylations of benzaldehyde and heptanal. Rhodium 
bis(diphenylphosphinoethane)carbonyl (I) chloride ([Rh(dppeMCl, (512» and rhodium 
bis(diphenylphosphinopropane)carbonyl (I) chloride ([Rh(dppp)2JCl, (513» displayed better 
catalytic activity than Rh(pPh3)3CI. 
e Cl. 
e e 
Cl 
The decreased electron density of the above complexes over Rh(pPh3)J.COCl results in th~se 
complexes binding carbon monoxide less strongly than (509) due to decreased Rh-CO 1t-back 
bonding. 
Not only are these cationic complexes useful for the decarbonylation of simple aldehydes, but 
also for aldehyde decarbonylation reactions in the presence of additional functionality as 
exemplified by the synthesis of Uhle's ketone (516) from its aldehydic acetal precursor 
(515)145 (Scheme 111). 
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The cationic complex (513) was prepared in situ from (509) and diphenylphosphinopropane 
(dppp) in xylene at 80DC. 
2.5.4.2 Decarbonylation Studies on the Aldehyde Precursor of the Pyridoisoquinoline Ring 
System 
A series of decarbonylation reactions were performed on the pyridoisoquinolinone aldehyde 
(507) using varying ratios of the catalyst (509) and dppp (for the in situ generation of the 
more active species (513)) and varying the reaction time in refluxing xylene. These results 
are summarised in Table 11. 
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Table. 11 
Entry (509)/% dppp/% Reaction Outcome 
time/lrourr 
1 10 22 24 Aldehyderaeemisation, 
traceofenamide (517) 
«5%)'" 
2 5 15 24 Aldehyde racemisation, 
trace of(5l7)' 
3 5 }5" n f Aldehyde- racemisatiorr, 
trace of(S17-}' 
• by analysis of the crude 250MHz IH NMR spectrum 
Aldehyde racemisation occurred in all three entries of Table 11, alonK with a sequential 
increase in the formation of the enamide (517) (23% yield), obtained via the ~-elimination of 
the aldehyde. No traces of the desired product (447) were seen in the crude IH NMR 
spectrum. This fJ-elimination (accompanied by the evolution of hydrogen gas) to form 
alkenes instead of the desired alkanes has also been observed by Tsuji and Ohnol43 as wen as 
during the synthesis of the pyrroloisoquinoline ring system (Section 1.6.6).53,54 
The crude enamide was then subjected to catalytic hydrogenation (hydrogen gas, 10% Pd-C) 
resulting in the formation of the desired product (Scheme 112). Isolation of both the final two 
products (517) and (447) by column chromatography from the reaction mixtures proved to be 
difficult due to possible complexation of the diphosphine ligand to these products. 
/0 
° 
~y 
° 0 f 
Rh(PPh3h(CO)CI, Hil0%Pd-C. 
.. .. 
dpw,xylene; Ix EtOH, 2S"C 
(507) (517) (447) 
Scheme112 
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Due to time constraints, further decarbonylations could not be carried out on aldehyde (507). 
However subsequent decarbonylations carried out by other researchers have shown that a 
longer reaction time (6 days) coupled with a Rh(pPh1)lCOClldppp ratio of 5115% almost 
completely by-passes the formation of the enamide (517). Rather, a 55% conversion to the 
final product (447) accompanied by only ca. 10% enamide formation is observedl46 
Unfortunately the separation of (447) from the crude product mixture again proved to be 
problematic. 
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2.6 Towards the Non-Racemic Synthesis of Xylopinine 
2.6.1 Biological Significance and Pharmacology.ofXylopinine 
The synthesis of the pyridoisoquinoline ring system was undertaken as part of a wider 
programme of study aimed at the asymmetric total syntheis of C-):xylopinine (448). This 
tetrahydroprotoberberine alkaloid comprises a single chiral centre along with a tertiary amine 
moiety and contains two fused aryl rings. Additional functionality is provided by the 
presence of two methoxy groups on each aryl ring. It is noteworthy that the isoquinoline 
derivative containing no methoxy groups on the fused aryl rings (SIS) is also a natural 
product. Isolated from the Annonaceae plant family by Schmutz,147 the absolute 
configuration ofxylopinine was fOlmd to be 14R by Hardegger.148 
(51SJ (R)-(448-)- OCH3 
Xylopinine has been shown to exhibit a sedative effect married with a moderately strong and 
relatively long lasting adrenergic alpha blocking property. The physiological effect of this 
alpha-adrenergic receptor blockage, at least in rabbit, cat and dog, is the lowering of blood 
pressurel49 in subjects. In guinea pigs this is thought to be related to the depression of the 
atrial beat.149 
2.6.2 Representative Syntheses of Xylopinine 
As a result of its biological importance, xylopinine has been the subject of large number of 
synthetic studies in the literature. The syntheses of both racemic and optically active forms of 
xylopinine have been extensively reported and some representative syntheses of this 
protoberberine alkaloid are discussed below in an attempt to demonstrate not only the vast 
multitude of syntheses of xylopinine, but also to show the diversity of chemical procedures 
used in its preparation. A greater emphasis has been given to asymmetric syntheses of 
xy\opinine as our group has an interest in the non-racemic synthesis of this alkaloid. 
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2.6.2.1 Racemic Syntheses ofXylopinine 
Recall that a racemic synthesis of xylopinine (norcoralydine) has already been outlined in 
Scheme 47 (Section 1.8.2) involving an intramolecular Pomeranz-Fritsch cyclisation. 
Intermolecular syntheses of xylopinine are also equally well documented, such as that 
outlined in Scheme 113.150 Initial quaternisation of oxime (SI9) with veratryl bromide (S20) 
afforded the bromide salt (s2'I.). Treatment with concentrated hydrochloric acid afforded the 
quaternary berberine (S22), the catalytic hydrogenation of which furnished (448). 
OCH3 
(SI9} 
(S20) 
(448) 
Pt02 (eat;), 
Scheme 113 
8 Br-
H3CO 
OCH3 
(521) 
OCH3 
OCH3. 
cone,HCI, 
IOO"C 
(522r c,8 
OCH3 
The nucleophilic addition of an organosilicon compound to a carbon-nitrogen double bond 
has been reported by Takano et. al.lSI in their synthesis of xylopinine. The key 
transformation is outlined in Scheme 114. Cesium fluoride promoted desilylation of imine 
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(523) allows access to xylopinine via cyclisation of the corresl'onding betaine intennediate 
(524). 
€sF,EtOIf, 
(524} OCH3 
(523) OCH3 OCH3-
H:lCO 
(448) 
OCH3 
OCH3 
Scheme..114 
Photochemical-diradical cyclisation processes have been used by Dai-Ho and Mariano
152 
to 
access protoberberine alkaloids. Reactions driven by electron transfer-desilylation seCluences 
occurring in iminium salt-benzylsilane systems (Scheme 115) have been used to synthesise 
(448). 
Benzaldehyde (525) was bromomethylated to (526) and this was al'plied to a silyer 
perchlorate promoted alkylation with the known dihydroisoquinoline (527) to give the 
corresponding perchlorate salt (528). Photochemical irradiation (pyrex, methanol) resulted in 
sequential electron transfer (SET) from the iminium double bond to the imino carbon 
accompanied by desilylation producing, the diradical species (529) (the excited state of 
(528». Carbon-carbon bond formation between the imino carbon and the benzylic radical 
centres of (529) forms the cyc1ised species (448) as outlined in Scheme 115. 
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2.6.2.2 Asymmetric Syntheses ofXylopinine 
The Pictet-Spengler reaction has played an important role in the synthesis of racemic 
tetrahydroisoquinolines and p-carboline alkaloids.153,154 It is essentially the condensation of a 
p-arylethylarnine and an aldehyde and proceeds via the initial attack of amine (530) on the 
aldehyde (531) in the hypothetical example shown in Scheme 116. Iminium (or N-
acyliminium) ion formation from the resulting amino alcohol intermediate (532) generates 
species (533), which is then rendered susceptible to intramolecular cyclisation by the 1t-
nucleophile, affording the tetrahydroisoquinoline (53~). 
Results and Discussion 155 
(53(}} 
()r~ 
(531) 
x 
.. 
"'" (534) 
~ 
OH (532) 
iminiumfN-acyf iminium 
ion formation 
~x 
H'" 
(533) ?' 
~ 
Scheme 116 
Following the realisation of the importance of asymmetric synthesis in organic chemistry, the 
Pictet-Spengier reaction was modified to include the presence of a chiral auxiliary in either 
the amine or aldehyde building blocks. Such an apl!roach has allowed efficient chirality 
transfer onto the target molecule. Asymmetric variants of the Pictet-Spengier reaction have 
been reported by Cominsl53 and Czarnockil54 in their respective syntheses of (-)-xylopinine 
and (+)-xylopinine outlined in Schemes 117 and 118. 
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Chirality was introduced into the carbamate (535) by incorporation of (+)-trans-2-(a-
cumyl)cyclohexanol «+)-TCC, (536»). The vinyl ether (537) was used instead of the 
corresponding aldehyde due to increased stability of the former to storage and the reaction 
conditions. Thus, condensation of (535) and (537) produced the isoquinoline product (538) , -
(75% yield, 79% d.e.). Potassium tert-amylate induced intramolecular nucleophilic attack of 
the pendant aryl ring of (538) onto the the N-acyJ carbon atom fumished the oxoberberine 
(539), accompanied by simultaneous elimination of the (+)-TCC chiral auxiliary. (-)-
Xylopinine can then be accessed byreduction of (539). 
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The N-glyoxylyl derivative ofbomane-l0,2-sultam(541)was used as the asymmetric inducer 
in Czamocki's synthesis of(+)_xylopinine154 
0-HQm I: NH2.HC\ 
HQ 
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·~N~H.~ 
0.2 0. 
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The hemiacetal of (541) and dopamine hydrochlori<te (540) were condensed to afford 
isoquinoline (544) as the product after cyclisation. The phenolic hydroxyls and nitrogen atom 
of (543) were immediately protected as the per-amide ester (544). Selective O-dellrotection 
and concomitant methylation of the phenolic hydroxyls gave the dimethoxy compound (545). 
Nucleophilic addition of the organometallic reagent (546) to the sultam (545) resulted in the 
formation of threo-norlaudanosine (547) with the simultaneous expulsion of the sultam 
moiety. Ring closure with formaldehyde followed by the seqyential chlorination and 
reduction of (548) furnished (+ )-xylopinine. 
The same author in a prior publication 155 has reported a very interesting synthesis of the 
opposite enantiomer of xylopinine with the somewhat unusual starting block, D-
ribonolactone (549) (Scheme 119). 
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Recall that in Scheme 74a, Pattenden had successfully alkylated N-fonnyl thiazolines of the 
type (374).105 The difference being that Seebach's enolate (375) is essentially an N-ester 
enolate. An explanation for the outcome of the successful alkylation of the thiazoline of the 
former over the ~-elimination of the latter is based on the increased delocalisation of the 
nitrogen lone pair in the N-fonnyl species (374) over that in the N-ester species (387) leading 
to a more stabilised carbanion intennediate. 104.105 
We were unaware of the limitation that ~-elimination would impose during alkylation studies 
on the tricyclic substrate (318t), as was Pattendon during his more fruitful thiazoline 
alkylation studies described in Section 2.2.3.104,105 
The sulfide group cannot be prevented from undergoing (3-elimination even in geometrically 
unfavourable situations. l07 In the enolates (387), (388) and that derived from (318t), the C -
S bond cleaved is approximately perpendicular to the 1t orbital of the enolate. 
According to the rules for ring closure developed by Baldwin, 108 the elimination of sulfide 
ion is fonnally the reverse of a 5-endo-trig cydisation (BaJdwin's terminology). Such a 
cyclisation involves essentially a bond being formed via the cyclisation of a nudeophile onto 
a trigonal centre contained within the same molecule forming a 5-membered ring, with the 
'breaking' bond lying within the ring ('endo'). The processes of 5-endo-trig (disfavoured) 
and 5-exo-trig (favoured) ring closure are applied to the unsaturated ester (391) of Scheme 
78, generating the unsaturated lactone (392) over the cyclic ether (393).107 
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Baldwin's rules are governed by the length of the linking chain between the nucleophilic and 
electrophilic species involved in bond formation and the stereochemical requirements for the 
transition states of the various tetrahedral, trigonal and dig.onal ring closure processes. A 
limitation of Baldwin's rules, however, is that they only apply to elements belonging to the 
first Period. Second Period elements such as sulfur are exempt by virtue of their larger atomic 
radii and bond lengths, allowing them to adopt conformations normally considered difficult 
for the corresponding first row elements to attain. In this context, the thiol ester (394) (the 
sulfur analogue of species (395), Scheme 79) is able to undergo a 5-endo-trig ring closure 
upon treatment with base. 107 
ci° oeH NaOMeIMeOH; 65-°C dO 3 __ ,. . oqH3 5-endo-frig 
SH (~} S (395) 
Scheme 79 
Consequently, Seebach utilised a unique strategy for the preparation of a-branched cysteines 
that completely by-passes ~-elimination. Since enolates of the type (387) and (388) cannot be 
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trapped with electrophiles under standard conditions (LDA, -78°C, THF) special in situ 
conditions were employed.9&C,98d After addition of LDA to an equimolar amount of 
benzaldehyde (source of electrophile) and bicycle (389) at -100°C in THF followed by 
warming to room temperature increasing amounts of the desired products (396) are observed 
on acidic work-up (Scheme 80).98c A similar outcome is seen upon adding a solution of (389) 
to a solution ofLDA and benzaldehyde in THF at -75°C (a so-called 'inverse' addition).98c 
IDA, -IOO"C, 
.. 
THF 
(389) 
(388) 
HS ~H i) HgC12, 
~ EtOHlH20 G G p~ ~.~----------CI- H2N 0 L ii)HzS o 
(397) 
(~ ..... J:"Ph 
N 0 
H~ . 
.. 0 
~ (396) 
16NHC' 
(398) 
Scheme ,80 
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Because there is no product of elimination (390) formed using these conditions it was implied 
that (399), the addition product of LDA and benzaldehyde is the sole contributor to the 
complete formation of (396) over the elimination product (390). It is thou&.ht (399) acts as 
both a base and a source of electrophile in this context.98C,9&d a-Branched cysteine derivatives 
were eventually obtained from (396) through cleavage of the rin&. containin&. the sulfur atom. 
The oxazolidinone (397) was then hydrolysed to the desired a-branched cysteine derivative 
(400) as outlined in Scheme 80. 
2.3 Attempted Aminal Ring Opening and Hydrolysis of 
Thiazoloisoindolinones 
In addition to the alkylation studies outlined in Section 2.2, the ring opening and direct 
hydrolysis of (318t) were also investigated in an attempt to probe the optimum conditions 
necessary for the regeneration of L-cysteine or one of its derivatives from (318t). Once the 
conditions for the regeneration of cysteine were optimised, it was thought the hydrolysis of 
the alkylated thiazoloisoindolinones (381) should be relatively facile. 
The successful preparation and ring opening of the phenyl-substituted isoindolinones45,46 
(Scheme 33, Section 1.6.3) carried out by Dr. Chris Northfield promQted an investigation 
into the reactivity of the newly prepared thiazoloisoindolinones (318). To this end ring 
opening reactions were carried out on the tricyclic lactam substrates (318g)and (318h) using 
a variety of Lewis acid activators to investigate whether these lactams are able to act as N-
acyliminium ion precursors (Scheme 81). 
2.3.1 Attempted Aminal Ring Opening of Thiazoloisoindolinones 
To entice aminal rin&oQening, carbon nucleoQhiles (allyltrimethylsilane) and triethylsilane (a 
hydride source) were employed in conjunction with some common Lewis acid activators to 
see if (318g) and (318h) could under&.o reductive ring opening to generate products of the 
type (401) and (402) via the N-acyliminium ion (400) (Scheme 81). 
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(318g);R=H 
(318b); R = -CH3 
Lewis acid 
(401} 
Scheme 81 
(400) 
Hydrofysis 
(403) 
allyl-TMS 
a ~OCH3 N-+H 
"--SH 
(402) 
The ring opening reactions depicted in Scheme 81, if successful, could then be hydrolysed to 
regenerate L-cysteine or one of its derivatives (eg. its methyl ester or hydrochloride salt). The 
results of these findings are summarised in Table 5. 
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TableS 
Entry Lactam R Lewis acid Source of Outcome 
nuc\eoplIire 
. 
1 (318~)- H TiCl4 allyl-TMS- . Noreaetion. 
2 (31Sg) H 1'iC4- EhSiH .. No reaction 
3 (318g). H TMSOTf allyt,TMS .. Nu reactio.n 
4 (318g) H EhO.BF-t a1lyl-TMS No. reactio.n 
5 (318h) -CH3 Et30.BF4 a1lyI-TMS . No. reactio.n 
6 (318"g) H CuOTf arryt~TMs" . No. reactio.n . 
7 (318g) H CoO'If Et3SiH 
I 
No reactio.n 
As seen in Table S, all attempts at enticing aminal ring o.pening o.f the substrate (318g) and 
(318h) were unsuccessful and resulted in the reco.very o.f the startin&material. The use o.f 
bo.th a carbo.n nucIeo.phile (a1lyl-TMS) and a hydride so.urce (triethylsilane) were unable to. 
influence the outco.me o.f the reactio.n. As one Wo.uld eX{lect, the use o.f bDth the Dxyphilic 
Lewis acids titanium (IV) chlDride (TiCI4) (entries 1-2) and trimethylsilyltriflate (TMSOT±) 
(entry 3) were unsuccessful. One wDuld expect the fDrmer Lewis acid to. be capable o.fmulti-
pDint cDDrdinatiDn. 
Surprisingly the use Df a thiDIlhilic Lewis acid such as copper triflate (CuOT±) (entries 6-7) 
also failed to induce the ring opening Df (318g). The use Df Meerwein's reagent was also. 
fruitless. AlthDugh nDt cDnsidered to. be a Lewis acid in itself, the use Df triethylo.XDnium 
tetrafluo.roborate (EhO.BF4) (entries 4-5) was envisaged to. a1kylate the sulfur atDm (Scheme 
82) fDrming the S-ethyl species (404), the immediate IlrecurSDr to. the N-acyliminium iDn 
(400). In this context, the S-ethylatio.n of (318g) and (318h) was envisaged to. facilitate the 
aminal ring opening Dfthese substrates as o.utlined in Scheme 82 by enticingthe formation of 
the N-acyliminium iDn precursDr. Unfortunately nDne Df the S-a1kylated species (405) was 
detected in the crude reactiDn mixture by IH NMR spectroscDpic analysis. 
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(318g, h) 
o 
.s:OOCH~ 
N~L ..... ~a_Uy_1,._TM_S_<_ 
~ 
o 
01 <r-=-R. 
(400) (405) 
Scbeme82 
2.3.2 Attempted Hydrolysis of Thiazoloisoindolinones 
Undeterred by the fruitless reductive rin& openin&s of (318g) and (318b) discussed in Section 
2.3.1, an alternative course of study aimed at the direct recovery of the starting material 
cysteine from the tricyclic lactam temQlate (318t) was initiated< The substrate was subjected 
to a variety of standard hydrolyses, as well as a desulfurisation procedure using ultrasound 
techniques< 
The hydrazine/p-TsOH hydrolysis employed by Takacs lO9 in the regeneration of amino 
alcohols of the type (407) from the tricycles (406) (Scheme 83) and the procedure employed 
by Pattenden in his synthesis of 2-alkylsubstituted cysteines lO5 and (S)-desferrithiocin104 were 
adapted. 
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4- equivalents. NHzNHz.HzO, 
cat. p-TsOHlEtOH!~>85% 
(406) 
SchemeS3 
12 ./'.. /Ph 
H3C/ t -...--
OH 
(407) 
Luzzio and Zacherl have used ultrasound procedures in conjunction with Raney-nickel 
catalyst to effect the desulfurisation of the benzoisoindolizidones (40Sa) and (40Sb) cleanly 
to the corresponding desulfonated derivatives (409) and (410) (Scheme S4a).J1o The use of 
this procedure towards the desulfurisation of the phenylthiolactam (411) to the corresponding 
N-substituted phthalirnides (412) is depicted in Scheme S4b. 11I The yields of (412) obtained 
via the Raney-nickel promoted· protocol were coml'ared and contrasted with the analogous 
'silent' reactions which do not use ultrasound and were only agitated with a magnetic stirrer. 
Generally reactions eml'loying ultrasound resulted in higher yields of the I'roducts compared 
with their 'silent' counterparts. Furthermore those using ultrasound required shorter reaction 
times. 111 
0 
RaneynickellEtOH 
.. 
ultrasound, 5 minutes OCH2CH3 
(40Sa) 0 0 (409} 
0 
Raney nickellEtOH 
.. 
ultrasound,S minutes 
H 0 0 
(40Sb) (410) 
Scheme.S4a 
Results and Discllssion 110 
(411) 
RaneynickellEtOH ~. V--/N-R 
ultrasound, 5 minutes 
(412) 
R..= iB14 -CH)'h,. -CH2CH)'h,. (-)-CH(~)Ph, 
" 
Schcmc84b 
The outcome of all attempts to recover the starti~ material L-cysteine via hydrolytic and 
ultrasound techniques are summarised in Table 6. 
Table 6 
Entry Experimental Procedure Outcome 
1 NH2NH2.H20 (4 equivalents); cat. p-TsOR; EtOR, tt. Esterhydrnlysis" tu 
(413} 
2 5M HCI, .i, 72 hours, . Ester hydrolysis. to. 
(413) 
3 5M HCllacetonitriIe, 2S"C; 48 hours. Ester hyarotysis to 
(413) 
4 LiOH (3 equivalents), THF/water. (4: 1), 25°C, 48 hours, Este1:.ltydrolysis. to . 
. (413)-
5 i) Hg(OAc)2, 25"C,Zhours. ii)5MHCt, Z5"C, tZhours. I·· Ester hydrolysis to' 
(413) 
6 Raney-nickel catalyst,. Et0R-uItrasound,.10-120 minutes. Starting material 
recovered. 
All hydrolytic procedures carried out on (318t) (entries 1-5, Table 6) merely led to the 
formation of the acid derivative (413), the product of ester hydrolysis of the starting material. 
Consequently, these routes towards the ring. opening and hydrolysis of the 
thiazoloisoindolinones were temporarily abandoned. 
o ~""" (41') 
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2.4 Pummerer Reactions. OILthe Thiazoloisoindolinone. Sulfoxides 
2.4.1 The Pummerer Rearrangement 
The presence of a sulfur atom in the thiazoloisoindolinones (318a) - (318h) enables further 
elaboration of this heterocyc1e and the preparation of the corresponding sulfoxides allows a 
well-known and synthetically useful organosulfur transfonnation to be carried out: namely 
the Pummerer rearrangement. ll2,l13 The basic transformation is shown in Scheme 85. 
acetic anhydri de 
(414) (415) 
Scheme 85 
The reaction involves the reduction of the sulfoxide to the sulfide and concomitant oxidation 
of the a-carbon atom. Besides acetic anhydride, the reagents ( or activators) known to bring 
about the same transfonnation are trifIuoroacetic anhydride (the more electron with-drawing 
analogue of acetic anhydride), trimethylsilyltrifIate and para-toluenesulfonic acid. 
Mechanistically the reaction proceeds via the initial activation of the sulfoxide yielding an S-
cation and an acetoxy anion. The latter abstracts a proton alpha to the sulfur atom resulting in 
the S-ylide (417) (Scheme 86). Loss of the acetoxy anion from (417) leads to cation (418). 
Finally the addition of acetoxy anion occurs alpha to the S-atom of resonance canonical (419) 
resulting in the fonnation of the a-acetoxysulfide (415). 
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(414) 
(415) 
e 
AeO 
.. 
(419) 
Scheme 86 
(417) 
e 
-AeO 
~R1 
R 
@ 
(418) 
Advances made in the development of the Pummerer reaction are constantly under review 
given its widespread use in synthesis. lJ4 Both racemic and asymmetric variants of the 
rearrangement are known, and the reaction has also been modified to allow the introduction 
of nitrogen, lI5 sulfur, halogen and carbon-based groups alpha to the sulfur atom instead of 
only alpha-oxygen based groups. 114 
2.4.2 Hydrolysis of Thiazoloisoindolinones: An Alternative Route 
It was thought that the preparation of the thiazoloisoindolinone sulfoxides and subsequent 
Pummerer reactions would constitute an interesting study towards the recovery of the starting 
material cysteine from (318t). Carrying out a Pummerer rearrangement on the sulfoxide of 
(318t) with a range of activators was envisaged to introduce an electron withdrawin~group 
alpha to the S-atom producing the resulting species (421) (Scheme 87, Route A), which was 
deemed to be more susceptible to the Lewis acid mediated nucleophilic ring opening or 
hydrolytic procedures discussed previously (Tables 5 and 6). 
Alternatively, as outlined in Scheme 87 (Route B) treating sulfoxide (420) with LiOR may 
facilitate its ring opening, potentially allowing access to the three point protected species 
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(422), with the amide nitrogen protected as a phthalimide precursor, the sulfur atom protected 
as a hydroxy thiol (-SOH) and the carboxyl portion would remain protected as the ethyl ester. 
This three-point protection would make a particularly interesting pathway as this was thought 
to have the potential for the synthesis of unnatural di- and tripeptides via normal peptide 
coupling methods when used in conjunction with the alkylation reactions discussed. in 
Section 2.2. 
Pummerer activatoreg: 
acetic anhydride LiOH 
Route A Route B 
H 
(421) (422) 
Hydrolysis 
(403)-
Scheme 87 
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2.4.3 Preparation of the Thiazoloisoindolinone Sulfoxides 
Of all the common reagents used for sulfoxide forming reactions (eg. sodium periodate, 
meta-chloroperoxybenzoic acid and magnesium monoperoxyphthalate), the readily available 
sodium periodate was chosen to oxidise the thiazoloisoindolinone substrates. Thus an 
aqueous solution of the oxidant was added to a cooled (O°C) solution of the tricyclic lactam in 
methanol (Scheme 88). Attempts towards the preparation of sulfoxides (318b), (318c), 
(318d) and (318t) were prepared accordingly and the results are summarised in Table 7. 
Entry 
I 
2 
3 
4 
NaI04-(LO equivalent) ~NV"""'R 
______ .. vy~ H 
a' s MeOH,. oOe ID 2SOC 68 
(318) sulfoxides (420), (423), (424) 
Scbeme88 
Table 7 
Substrate R Sulfoxide d.r. 
(318) 
(318~} 
(318c) 
(318d}. 
(318t) 
H 
H 
H. 
-CIIJ 
-CHzCH} 
-CH2Ph 
-CH:\. 
Yiellt(%J' 
(423), 43- Exelusive 
(424, 3.5 Exclusive 
No. Reaction 
(420» 70 9:1 
'determined by 250MHz lH NMR spectroscopy 
Yields between 43-70% were obtained for the preparations of sulfoxides (423» (424) and 
(420). The attempted sulfoxidation of (318d) resulted in decomposition and examination of 
the crude 250MHz lH NMR spectrum of (420) revealed the formation of a 9: I mixture of 
product diastereoisomers. 
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2.4.4 Pummerer Reactions on the Thiazoloisoindolinone Sulfoxides 
2.4.4.1 Initial Studies 
With the sulfoxides (420), (423) and (424) in hand attention was turned to a Pummerer 
rearrangement on the major diastereoisomer of sulfoxide (420) with acetic anhydride as 
activator. To a stirring solution of the sulfoxide in dry THF was added 1.1 equivalents of 
acetic anhydride at -7SoC. Unfortunately this did not result in the formation of the desired a-
acetoxy substituted species (425), and the crude NMR spectrum revealed the presence of the 
starting material sulfoxide. 
(425) (426) 
It was decided to use the more electron withdrawing trifluoroacetic anhydride (TF AA). 
Under the same conditions the treatment of the maior sulfoxide of (420) with TFAA results 
not in the formation of the expected a-trifluoroacetoxy species (426), but the ring expanded 
thiazinoisoindoIinone species (427) as the major product of the reaction isolated in 20% 
yield. 
o 
(427) 
2.4.4.2 Ring Expansion Reactions of the Thiazoloisoindolinone Sulfoxides 
This serendipitous discovery prompted further investigations on the ring expansion theme, 
namely the variation of Pummerer activator used and the extension of this methodology 
towards other tricycIic lactam sulfoxide substrates. To this end, Pummerer reactions were 
Results and Discussion Wi 
carried out on sulfoxides (423) and (424) along with the minor isomer of sulfoxide (420). 
TFAA, TMSOTf and p-TsOH were employed as activators to demonstrate the formation of 
the thiazinoisoindolinones (428) and (429). 
(428) 
(429) 
The results of all Pummerer reactions are summarised in Table 8. As expected all sulfoxides 
tested lead to the formation of the corresponding ring expanded products (Scheme 89). 
~. R' Pummeref activator ~~r<H ----------;,..,... 
Rf s~ . 
o 
de 
sulfoxides (420), (423), (424) ring expanded products (427)-(429) 
Scheme 89 
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Table 8 
Entry Ring Expanded Products 
1 
2 
3 
4 
Compound 
(427) 
(427) 
(428) 
(429) 
R W AC2()"J TFAA"I TFAAa} p-TsOH"}· 
(I.leq.} (Ueq~} . (2.0eq.} 
-COOEt H 
-
:ID SS 
-COOEt :EL - - -
H H ~ 27 58 
H -CH3 - 15 21 
• derived from major sulfoxide diastereoisomer 
"derived fromminor sulfoxide diastereoisomer 
Conditions: a)dry THF, -7S<>C to 2S<>C, 20 ho~rs then H20 
b )xylenes, A, 24 hours 
(eat.} 
71 
69 
7S 
33 
TMSOTf') 
(I.leq.) 
-
-
I 18 
-
The use of 2 equivalents TF AA resulted in an increased yield of the ring expanded products 
(427) and (428) from the sulfoxides (420) (major) and (423) respectively (entries 1 and 3, 
Table 8). Furthermore both major and minor diastereoisomers of sulfoxide ( 420) (entries 1 
and 2) resulted in the formation of the same ring expanded product in comparable yield (with 
p-TsOH as activator). 
A marked decrease is seen in the yields of the product (429) (entry 4) with all activators 
employed compared with analogous yields of product (428) (entry 3). This difference can be 
largely attributed to the ethyl substituent of sulfoxide (424), which sterically hinders the 
approach of the activator giving rise to lower yields of product (429) over the sulfoxide (423) 
which contains a comparatively smaller, less sterically hindering methyl group. In this 
context it would have been interesting to investigate the formation and ring expansion of 
sulfoxide (430) (bearing a benzyl group). In this case a Pummerer reaction carried out on 
(430) would potentially furnish (431) as the ring expanded product. 
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(430) (431) 
It follows from Table 8 that the minimum substituent requirement for ring expansion 
reactions of the type depicted in Scheme 89 and Table 8 must be a methyl group at the ring 
junction of the precursor sulfoxide. 
To further test the ring expansion protocol, the sulfoxide of the bicyclic thiazolopyrrole (331) 
was prepared in 43% yield as outlined in Scheme 90. It came as a pleasant surprise to find 
that sulfoxide (432) when treated with catalytic p-TsOH in refluxingxylene furnished the 
corresponding ring expanded pyrrolothiazine (433) in 15% yield. 
(331) 
o 
NaI04 (LOeq.), MeOH, Q 
-----------J ..~ N ... ""COOCH2CH3 
O"C to 25"C, 43% HoC',i iJ'H 
(433) 
Scheme.90 
d8 
(432) 
p-TsOH, xylenes, 
A, 15% 
No racemisation has occurred during the ring expansion of sulfoxide (420) to the chiral ring 
expanded species (427) ([al~ -105.50 (c 0.22, CHCh». The single chiral centre of this 
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molecule has retained its stereochemistry from the initial tricyclic lactam substrate (318t). 
This has been verified by single crystal X-ray crystallography on the ring expanded (427) 
outlined in Figure 6 (see Appendix B for accompanying data tables). 
o 
o={. "cOOCH,CH3 I ~) .... 11 ~ \ 
$ (427) 
03 
Figure 6 
TF AA and the sulfoxide (420) are representative of the Pummerer activator and starting 
material respectively in the reaction mechanism outlined in Scheme 91, proposed to explain 
the outcome of the results obtained in Table 8. 
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o 
o ~N ~". ~.,cH' cQ~,",. __ TE_'.AA. _ .. -;~ .. ~ -----I .... vt~2 ~ _. 
68 (420) 0 . F,----I (435) H,C!' s H,e Je (;H o· 
(434) /rCF, 0. ~ \\ 
0. 8A 
0:. CF3 
o 
~f~ 
s (427) I -w 
o 
(427) .. 
Scheme 91 
The sulfoxide is activated as per a routine Pummerer reaction to give the S-trifluoroacetoxy 
species (434) and the trifluoroacetoxy anion. Instead of the latter abstractinB. a proton alpha 
to the sulfur atom of (434), the N-acyliminium ion (435) is formed which is neutralised via 
deprotonation of the angular methyl group by the trifluoroacetoxy anion resultingjn enamide 
(436). The loss of a trifluoroacetoxy anion followed by the removal of a proton from N-
acyliminium ion (437) furnishes the observed product (427). 
In summary, Pummerer reactions carried out on thiazoloisoindolinones resulted in the 
formation of the correspondinB.thiazinoisoindolinones in low to high yields dependinB.on the 
activator used. Collectively these findings constitute a novel synthesis of this heterocyclic 
sulfur-containing ring system. The major products isolated from these reactions are the ring 
expanded compounds and the reactivity of the activators increased in the order TMSOTf < 
TFAA <p-TsOH. 
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The thiazinoisoindolinone (428) has been synthesised previously in <3% yield as a side 
product by Griesbeck et. al.1l6 in their investigation into the photochemistry of 
phthaloylcysteine and its derivatives (Scheme 92). 
~ E: . ho, 00,""' 
o ) 
HOOC 
(438) 
Entry Solvent Conversion 
('XiJ 
1 acetonitrile 51-
2 acetone 80 .. 
(439} 
Scheme 92 
Table 9 
(439) 
(%J 
1S 
IS 
(440a) 
(%J 
<J. 
<3. 
(440a)~R=H 
(44Ob);c R= -COOH 
(428);R=H 
(441); R = -COOH 
(440b) 
(%J 
<J. 
21 
(428) 
(%J 
<J. 
10 
(441) 
(%) 
22 
54 
Photochemica1ly induced electron transfer on the S-carboxymethyl species (438) led to the 
formation of the elimination product (439) and the electron transfer initiated cyclisation 
products (440a) and (440b). The unexpected formation of two decarboxylation products 
(428) and (441) was also observed. The balance of the reaction in two solvents acetonitrile 
and acetone is depicted in the accompanying Table 9. 
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2.4.5 Ring Expansion Reactions of Penicillin Snlfoxides 
Like the thiazoloisoindolinones (318a) - (318h) the penicillins and cephalosporins also 
contain a sulfur atom and amide moiety in their substructure. Penicillin G (442) and 
cephahexin (443) are illustrated below as representative examples of these ~-Iactam 
antibiotics. They act as enzyme inhibitors and have had enormous potential in treating 
bacterial infections by disallowing bacterial cell wall growth. 58 The structural similarities 
between penicillins and cephalosporins coupled with the fact that they are both produced in 
vitro by the fermentation of cephalosporins suggests a common intermediate is involved in 
their biosynthesis. 
(442) (443) 
In their investigations into this possibility, Morin and co-workers1l7 have reported in vitro 
ring expansions of penicillin sulfoxides to the corresponding cephalosporin compounds. 
Scheme 93 illustrates the chemical conversion of phenacetoxymethylpenicillin sulfoxide 
(444) to phenoxyacetamidocephalosporanic acid (446) via the sulfenic acid intermediate 
(445) which presumably arises from sulfoxide elimination. 
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e 'f)!~ 
COOCH, 
cat.p-TsOH, 
.. 
xylenes, Ll 
(444) 
/ 
Ph~H g~~ 
COOCH3 
(446) 
Scheme 93 
Results and Discussion 124 
2.5 The Synthesis of the Pyridoisoquinoline Ring System 
2.5.1 The Pyridoisoquinoline Rin~System as a 1,2-Disubstituted Piperidine 
The pyridoisoquinoline ring system (447) - a 6,6,6-ring system comprising a [4.4.0]-
azabicyclodecane moiety containin& a fused aryl ring - is a regularly occurring structural 
motif in many alkaloid families,1l8 such as the protoberberine alkaloids, of which xylopinine 
(448) is a representative example. 
o 
(447) (44) 
One can view the pyridoisoquinoline ring system as essentially a 1,2-disubstituted piperidine. 
Piperidines are another heterocyclic ring system found extensively in nature, exemplified by 
the piperidine alkaloids (+)-coniine (449) and (-)-coninceine (450). 
(449) (450) 
Of the plethora of synthetic routes available in the literature for the preparation of substituted 
piperidines, those which employ the use of a bicyclic lactam precursor have proved to be the 
most fiuitful in terms of stereoselectivity, ease of preparation and general synthetic utility. 
Most notable in this regard are the studies carried out by Meyers,42.119,120 HUSSOnI21,123.125 and 
Amat. 126·129,132,133 
Results and Discussion 
2.5.2 Preparation of Substituted Piperidines: A Review of the Studies Carried Out by 
Meyers, Amat and Husson 
2.5.2.1 Meyers' Bicyclic Lactams in the Synthesis of 2-Substituted Pyrrolidines and 
Piperidines 
The synthetic versatility of the bicyclic lactam as a precursor in the preparation of nitrogen 
heterocycles was demonstrated by Meyers' synthesis of 2-substituted pyrrolidines.42 The 
[3.3.01-bicyclic lactams (451) were prepared by direct condensation of the appropriately 
substituted acyl propionic acid (450) and (R)-phenylglycinoI. Simultaneous a1ane (LiAl&, 
A1Ch) mediated reduction of the amido carbonyl of (451) and lactam ringopeningafJ'orded 
the N-substituted pyrrolidines (452). Removal of the phenylglycinol auxiliary by 
hydrogenation furnished the desired pyrrolidines (453) in good yields and excellent 
enantiomeric excess (>98% e.e. by chiral HPLC) (Scheme 94). 
Furthermore, the 5-substituted pyrrolidinones (455) have also been prepared1l9 by ring 
opening of the appropriate lactams to give the N-substituted pyrrolidinones (454), the Li/NH3 
effected phenylglycinol auxiliary removal of which furnished the pyrrolidinones (455) 
(Scheme 94). 
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!OH 
~~ + 
0- (450) 
0 
. Toluene, A, 
80-98% 
cS r TiG4, Et3SiH; cb·#' LiA1I4,A1Ch~ N • 
. \ .. 
%. HO/ 85-94% R 
(454) 
Li, NH3, EtOH, 
65-93% 
(455) 
ft. Q. 
(451) 
R= benzyl, n-heptyl, 
cyclopelltyJ,1T-Imtyt, 
n-propYI, phenyl 
Scheme 94 
75~95"/o 
.. 
o .r N\ 
k- Ho' 
(452) 
(453) 
The expansion of this methodology toward the synthesis of 2-substituted piperidines faltered 
during the attempted alane reduction and concomitant ring opening of the [4.3.0]-lactams 
(themselves formed from the condensation of the suitably substituted 1,5-keto ester and (S)-
phenylglycinol) resulted in the recovery of the starting material. 
The target 2-substituted piperidines were eventually synthesised in three steps from lactams 
(456)120 Simultaneous amide carbonyl reduction and lactam ring opening afforded the N-
substituted piperidines (457), the acetylation of which gave the chromatographically 
separable diastereoisomers (458). Finally, 2-substituted piperidines (459) were furnished by 
hydrogenation of (458) (Scheme 95). 
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Ehrler's synthesislO ' of (R)-2-methylcysteine involves the initial condensation of benzonitrile 
with L-cysteine ethyl ester hydrochloride, yielding the phenyIthiazoline (363). Methylation 
gives the racemic products (364). Enantiomeric resolution of (:l:)-(364) by preparative chiral 
HPLC (cellulose triacetate, 94:6 ethanol/water) yielded the enantiopure thiazolines (R)-(365) 
and (S)-(365). The thiazoline portions of both enantiomers could then be hydrolysed 
furnishing the hydrochloride salts of either (R)-(362) or (S)-(362) (Scheme 72). 
COOCH"CH, 
LD" CHI 
,(:OOCH"CH, 
~CN i) Hel, EtOH ~y V -'-'i)--O----~ 
H2N) .Jl V (363\-
,., 3 , 
THF, _78-°C 
~-+-CH,,, , 
Jr~_) o · s (364) , 
,,' CH,cH.c , 
HS 
i-Pr2NEt, EtOH 
COOCH"CH, 
~j-CH, + ~(s}-(365) 
i}4MHC1.A 
ii) EtOIt, HO, h 
H2NjCOOCH,CH, 
""''CH, 
Hs: .Her 
(S)-(362) 
preparative 
HPLC 
.(:OOCH"CH, 
r~H, ~s V (R}-(365) 
i}4MHCI, A 
IT} EtOH, HC!, A 
(R)-(362) 
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Schollkopf has described a synthesis of the methyl esters of (R)-a.-methyl-S-benzylcysteine 
(366) and (R)-a-methyl-S-t-butylcysteine (367)102 using his pioneering bis-lactim ether 
methodology.96 This approach essentially involves the initial condensation of L-alanine and 
(:l:)-valine. Treatment of the resulting, diketopiperazine (368) with Meerwein's reagent 
yielded the corresponding dihydropyrazine (369), the bis-lactim ether. Deprotonation 
followed by electrophilic addition of bromomethane affords alkylated bis-Iactim ether (371) 
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via intermediate (370). The desired compounds (366) and (367) were obtained by reaction of 
(371) with potassium benzyl- or t-butylmercaptide followed by acid hydrolysis as outlined in 
Scheme 73. 
)')(NH2 
H~ + 
o OCH3 
L-valine (±)-alanine (368) j (mmOBF, 
) )"1:"'" N,,*OCH3 . 
":x..... N,X' OCH3 n-BuLi ~ . H .,~,CH3 . 
H G ~ ~"Ofc'---- ::-... .. ' . 
, 
H3CO ,t """'CH~ H:JCO' N H 
(370}. j CH,B" 
)"1:.... N,,~OCH3 
H ~. ::-... ...• ' 
H3CO N . 
Br 
(371) 
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KS-R 
~ 
~;c 
o OCH3 
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(372) 
i}{},25NHCI(H20 ) 
ii)NH:fH2(J 
H3CO 0 
+ ~~H3 
H2N~ 
SR 
(366); R = -CH2Ph 
(367); R = t-Bu 
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This method allows the synthesis of chiral versions of higher amino acids from the initial 
condensation of two amino acids: one of which is a racemic lower amino acid (alanine) and 
the other is a chiral amino acid acting as a chiral auxiliary (L-valine,. Scheme 73). 
The route towards the preparation of (R)-a-methyl-S-benzylcysteine (366) shown in Scheme 
73 has been used by Heathcock and. Walker in their synthesis of (-)-mirabazole c. \03 
~~ 
N?5-.. s. 1-
r7": 
mirabazole C(360) 
The siderophore desferrithiocin was l'repared from (S)-2-methylcysteine methyl ester and the 
pyridine nitrile (378) by Pattendon and co_workers.104 The authors describe the synthesis of 
the fonner precursor in a separate publication/os where Seebach's SRS protocol has been 
used to generate range of a-alkylated cysteine derivatives from the N-fonnylation of 
thiazolidine (373) (derived from (R)-cysteine methyl ester hydrochloride and pivalaldehyde). 
Alkylation of N-fonnylthiazoIidine (374) with a range of eiectrol'hiles followed by. a()id 
hydrolysis of the resulting alkylthiazoIidines (376) furnished the hydrochloride salts (377) 
(Scheme 74a). The alkylation reactions were carried out in the l'resence of DMPU. Finally 
desferrithiocin was accessed by warming (377) with pyridine nitrile (378) as shown in 
Scheme 74b}04 
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:1H 
OH\ lOOCH:, 
~""",VR 
(376) 
R = -CH3, -CH2Ph, 
-CH2COOCH3, -CH2CH3 
.. 
(373) 
j (AehO; HCOOH, HCOONa . 
lDA,. 
DMPU 
(374) 
5NHCI 
.. 
R = -CH3, -CH2CH3, -CH2Ph 
(when R = -CH2COOCH3, 
-CH2CH=CH~ decomposition) 
Scheme 74a 
~'-': OH C(OH NEtg, CHJOH,A I + ·.t 1Il.~. . CIIl----------- h' III / ... III Y'x::",COOH sJ ~CH3 
(377); R = -CH3 (378) (353) 
Scheme.74b 
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2.2.4 Our Attempts at Diastereoselective Enolate AlkIlations of the 
Thiazoloisoindolinones 
2.2.4.1 Initial Alkylation Studies 
Following the successful synthesis of the non-racemic thiazoloisoindolinones (318e) - (318h) 
as high yielding, single diastereoisomers, a programme of study aimed at the synthesis of <1.-
alkylated cysteine derivatives was initiated usin& the SRS flrotocol. 
The first step towards the synthesis of such cysteine derivatives, namely . the 
diastereoselective generation of a temporary stereocentre, has already been achieved via the 
initial condensation of L-cysteine ethyl ester hydrochloride and the appropriate 
unsymmetrical aldehyde or ketone (Section 2.1). Furthermore, as illustrated in Scheme 75, 
closer inspection of (318e) - (318h) revealed the presence of an enolisable proton within the 
thiazoloisoindolinone substructure. 
R = -CH3, -CH2CH3 
RI =H, -CH3 
~ 
LHMDS 
f. Hydrolysis H2N Rc Ott ..... l-------HS .~ .... 
(3.71} 
Scheme 75 
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Etectrophile (E) 
(380) 
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Treatment of (318) with a non-nucleophilic base such as LHMDS would lead to the 
trigonalisation of the original stereocentre generating enolate (379). The presence of the 
existing chiral centre of (318) would be expected to control the approach of an incoming 
e\ectrophile. Effectively a chiral "relay" would be established, with the stereochemical 
information ultimately being transferred from the initial amino acid substrate in order to 
generate the new quaternary centre in the target (380). The hydrolysis of (380) was expected 
to allow access to a ran~e of unnatural cysteine derivatives. 
To this end stereoselective enolate alkylation reactions on the substrate (318t) were carried 
out. The ethyl ester of the methyl substituted thiazoloisoindolinones (318t) was chosen to 
participate in these studies over (318e), its proton substituted analogue. It can be postulated 
that the angular proton at the newly created chiral centre of (318e) is also susceptible to 
deprotonation by a suitable base. Being a benzylic proton and proximal to an amide group 
and a sulfur atom, the anion that would result from the abstraction of this proton can be 
stabilised by a number of resonance canonical forms. 
(318e) (318t) 
(38I) 
(382) (383) (384) 
where E = electrophile 
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Due to the acidic nature of both protons at the chiral centres of(318e), there lies the potential 
for competitive e1ectrophilic addition between these sites. Undesirable mixed alkylated 
products of type (382), (383) and (384) may be the outcome of such competition. Thus the 
use of (318t) was preferred over (318e) due to the presence of an angular methyl group at the 
newly created quaternary chiral centre. 
Stereoselective enolate alkylations were attempted by low temperature (-78°C) addition of 
LHMDS (l.leq.) to a stirring solution of the tricyclic substrate in dry THF (Scheme 76).106 
As per the similar asymmetric alkylation of thiazolines reported by Pattenden and yO-
workers/04,105 DMPU (L I eq.) was employed as co-solvent in the reaction prior to addition 0 f 
the electrophile (1.1 eq.). The reaction was warmed to room temperature before a dilute acidic 
work-up. 
0 UWDS} 0 er) ,,<=",0, DMPU 1.1 equivalents ~y,=~' RX h yH 
• H3C<"' S THF, -78"C to 25"C H:lC 
(318t) (381) 
Scheme 76 
Table 4 
Entry Compound Electrophile R Yield (%) 
1 (381a, Mel -CH3 45 
2 (381ft) BnBr -CIhPh- J8-
3 (3S1t) aIIylBr -CH:CH,:CHz. . 25 
4 (38.ld) Et! -CH£H3 15-
5 (381e).. n-PrI -CHz.CH2CHl.. 10 
6 (381t) i-PrI No reaction 
7 (38fg) BrCH2COOCH3 Noreaction 
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Initial examination of the 250MHz IH NMR spectra of compounds 1-5 (Table 4) were 
encouraging and suggested the fonnation of the desired quaternary thiazololisoindolinone 
products. The yields of these suspected products ranged from moderate (45%, R = -CH3)to 
low (10%, R = n-Pr) and are presumably dependant on the steric bulk and reactivity of the 
incoming e1ectrophile. 
All IH NMR spectra showed positive signs of product fonnation. Specifically the absence of 
the signal corresponding to the proton of the original amino acid centre (in the starting 
material (318t) this proton appears at 5.15ppm) was observed. Moreover, the appearance of 
additional peaks corresponding to the signals of the electrophilic adducts was seen. For 
example an additional 3H singlet indicative of the extra methyl group of (381a) (R = -CH3), 
an additional 5H multiplet in the aromatic region of (381b) (R = -CH2Ph), or multiplets 
appearing in the aliphatic (2-4ppm) region (R = -CH2CH3, n-Pr; (381d) and (381e) 
respectively). The spectrum of suspected (381c) (R = allyl) reveals the presence of two sets 
of peaks: a multiplet, a singlet and doublet between 4.5-5.Oppm and two double doublets 
between 2.0-3.0PJ:lm. Collectively these peaks are characteristic ofan allyl group. 
However these findings were marred by the signals corresponding to the diastereotopic 
protons HA and HB appearingabnonnally downfield in all entries 1-5 of Table 4. In all cases, 
these protons bore chemical shifts of ca. 6.l5-6.50ppm. Simple NMR chemical shift 
predictions would lead one to believe that the sig~a1s of these protons would lie around 3.0-
3.1 ppm for this type of aliphatic proton. 
cQ0 R I ...'l NXCOOCl+.?CH3 .< H
J Ho'i S . Ha ca. 6.15 and 6.50ppm 
(3&1) 
Furthennore, in addition to the signals corresponding to the six carbon atoms of the aromatic 
ring of (381) (four tertiary carbons and two quaternary carbons), the IOOMHz J3C NMR 
DEPT spectra of compounds 1-5 shows the presence of a secondary carbon atom at ca. 
125ppm in all cases. The signal appearing at 125ppm suggests a carbon atom in an electron 
rich environment. 
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2.2.4.2 S-A1kylations ofThiazoloisoindolinones 
It was concluded that enolate alkylation had not taken place. The differences in chemical 
shifts of the IH NMR spectrum and BC DEPT spectrum outlined above were significant and 
collectively pointed towards an alternative outcome of the alkylation reactions outlined in 
Scheme 76 and Table 4. When treated with LHMDS and a range of common eIectrophiles in 
the presence of DMPV, (318t) furnishes the products (385) instead of the quaternary 
thiazoloisoindolinones (381). 
~ ~OCH2CH3 
~N-i_HA.· (385) 
HsC s H/,,---f --
R - 12S.Oppm 
Initial proton abstraction by the non-nucleophilic base does not lead to enolisation of the 
original stereocentre. Rather, electron density flows into the carbon-carbon bond (-C-
CHAHB, Scheme 77) of the intermediate carbanion. Consequently this imparts an increased 
nucleophilicity on the sulfur atom, which is eliminated as the sulfide ion (386), which in turn 
reacts with the electrophile. Overall the initial deprotonation by LHMDS has given rise to the 
formation of the S-alkylated enarnides (385) as outlined in Scheme 77. Mechanistically the 
reaction resembles an EICB (elimination, unimolecular, carbanion) pathway with the initial 
deprotonation being the rate limitingstep (rls) of the reaction. 
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(318t) 
carbanion 
~:~~ 
H3C I HA· 
R-X 
" (J85} 
S-a1kylated pIoducls . (386) 
Scheme 77 
The application of the SRS principle in Seebach's own syntheses of C-alkylated cysteines 
have also been somewhat problematic.98c,98d All preliminary attempts seemed to falter at the 
alkylation stage. The N-ester enolate (387) derived from the initial condensation between 
pivalaldehyde and (R)-cysteine undergoes facile 13-elimination.98f 
(j) (pu 
s('P{ H H e M ~fr' ~~ G.~o N ~ \.....-N--.../ \.....-N/(' 0"'''( R H. " S:J  A;- /\" 
(387) (388) (389) (390) 
Furthermore, the enolate (388) derived from bicycle (389) underwent 13-elimination upon 
treatment with LDA and methyl iodide, generating the S-alkyl product (390) in a similar way 
to the products (381a) - (381e) obtained via alkylation ofthiazoloisoindolinone (318t). 
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Chapter 2 
Results and Discussion 
Results and Discussion 
2.1 A Highly Diastereoselective Synthesis of Thiazoloisoindolinones 
Given our general interest in molecules containing the isoindolinone moiety, the synthesis of 
2,3-dihydrothiazoloisoindolinones of type (316) was initiated. Following the successful 
preparation and biological assay of the related mv -1 reverse transcriptase inhibitor (317) 
(possessing an lC-50 of O.22!JM) by Mertens56 discussed in Section 1.7, these studies 
commenced with the synthesis of the highly potent (317) itself. Starting from the 
commercially available 2-benzoyl benzoic acid and L-cysteine methyl ester hydrochloride, 
the target compound was accessed by Mertens in 23% yield according to the procedure 
outlined in Scheme 63. The presence of sodium acetate was required for the in situ liberation 
of the L-cysteine methyl ester portion from its hydrochloride salt. 
(2.25eq) 
NaOAe (30 70eq-.} . 
xylene, lOOcrC, 
23% 
• 
Scheme 63 
Unfortunately, comparison of the III NMR spectrum of the crude product mixture with the 
literature source56 did not indicate the formation of (317) during our attempts towards the 
preparation of the target compound. The peaks corresponding to the proton signals of the 
cysteine methyl ester portion of (317) were altogether absent, and only peaks corresponding 
to the precursor keto acid were seen, suggesting that perhaps liberation of the amino acid 
from the hydrochloride salt had not taken place. To this end, the cysteine was liberated from 
the hydrochloride salt under standard conditions (potassium carbonate and water) prior to 
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condensation with 2-benzoyl benzoic acid. This also proved to be fruitless and did not result 
in the formation of (317), nor did elevation of the reaction temperature to 1400 C, or 
condensation of the hydrochloride salt with the methyl ester of the keto acid (prepared from 
thionyl chloride and methanol). 
The initial disappointment of the fruitless attempts towards the synthesis of (317) were 
alleviated by the preparation of the thiazoloisoindolinones (318a) - (318h) from the 
cyclodehydration of equimolar amounts of the appropriate 2-acylbenzoic acids and ~­
arninothiols under Dean-Stark conditions in. retluxing . xylenes (Scheme 64).93 Clean and 
efficient conversion to the target molecules was seen by IH NMR spectroscopy in excellent 
(95%, (318a» to poor (20%, (318d» yields respectively (Table 3). 
H2N)< 
0;= ~ .. Rt.· __ H_S ___ H_Cl ...__ .. NaOAe, xylene; 
o 1\, -H20 
(318) 
Scheme 64 
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Table 3 
Product R RI Yield/% Diastereoselectivitya 
(318a) H H 95 N/A 
f .. 
(318b) If- -CH) 88 NiA 
(318e) H -C~Hr ~. NfA 
(318d) H -C~Ph 2(1- NlA 
(318e) -COOClhCH~ H 80 exclusive." 
(318t) -COOCH2CHl -CHI 70 exclusive 
(318g) -COOCH3 H 80 exclusive 
(318b) -COOCH] -CH3 65 exctusive 
a determined by 250MHz IH NMR spectroscopy 
b minor isomer not visible by 250MHz IH NMR spectroscopy 
The products derived from non-racemic chiral ~-aminothiol substrates were accessed as 
single diastereoisomers «318e) - (318b), entries 5 - 8, Table 3),93 The relative 
stereochemistry of the non-racemic (318t) (entry 6) derived from L-cysteine ethyl ester 
hydrochloride and 2-acetylbenzoic acid has been confirmed by single crystal X-ray analysis 
and is illustrated in Figure 3 (see Appendix A for accompanying data tables), 
o ~N.","CQOl;H"CH3 ~yH . 
H3C{ s (318t) 
Figure 3 
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Based on earlier work involving the oX3Zoloisoindolinone ring system44 (Section 1.6.2), a 
mechanism explaining the stereochemical outcome of the reactions outlined in Scheme 64 
has been proposed, involving the initial formation of an iminothiol intermediate (319) 
(Scheme 65). 
(319) (320) 
(322) 
Major trans-isomer 
Scheme 65 
(321) 
, 
(323) 
cis.-isomer 
~unobsefVed} 
The reversible cycIisation of iminothiol (319) could result in the formation of both the trans-
thiazolidine (320) (with respect to the substituent RI on C-5 and the proton on C-2) and the 
eis-thiazolidine (321). The ring closure of (320) with concomitant loss of water yields the 
observed trans-tricycle (322). The cyclisation of (321) to the eis-tricycle (323) (unobserved) 
appears to be disfavoured from simple molecular models due to the remote orientation of the 
more reactive functional groups, namely the secondary amine and the aryl carboxylic acid 
groups. Upon stirring a solution of (322) for seven days at room temperature, no inter-
conversion from (322) to (323) is seen. Thus, (322) appears to be the thermodynamically 
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more favoured product diastereoisomer. This is also in line with similar studies performed by 
our group on the isoindolinone (153a) discussed in Section 1.6.2.44 
The 2-acylbenzoic acid precursors of (318c) and (318d) were not commercially available, 
and were isolated as the more stable lactol tautomers via a procedure described by De 
Benneville.94 Reaction of the appropriate dialkylcadmium reagent with phthalic anhydride 
followed by acid hydrolysis gives the lactols (324) and (325) (Scheme 66). The lactols (324) 
and (325) were then reacted with 2-mercaptoethylamine hydrochloride to afford the tricycles 
(318c) and (318d) respectively in 40 and 20% yield. 
CdCI2~ 
2RMgBr .. R2Cd 
R=-CH2CH3, 
-CH2Ph 
_7&oC 
(318c); R = -CH2CH3 
(318d); R = -CH2Ph 
Scheme 66 
~) .HC~ 
HS:. 
1 
c90 
R OH 
(324); R = -CH2CH3 
(325); R = -CH2Ph 
Upon closer inspection of the products derived from 2-mercaptoethylamine hydrochloride 
(318a) - (318d), the yield decreases with increasingsteric bulk of the angular substituent 
(RI), giving rise to the large differences in the yields of (318a) - (318d) (95% when RI = H 
and 20% when RI = -CHzPh). 
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It is possible therefore that our inability to make (317) can be attributed largely to the bulky 
nature of the phenyl substituent, giving rise to steric hindrance between the reactive thiol and 
phenyl groups during. the cyclisation of iminothiol (326) to form the corresponding 
thiazolidine intermediate (327). 
O;:~~~-. . ............... ~ ... ~ 
-rHS (326-) (327) 
Given the bulky nature of the benzyl group of (318d) the same reasoning could lead one to 
presume that this tricyclic product cannot be formed due to steric hindrance between the thiol 
and benzyl groups of iminothiol (328). However in this case the phenyl ring is "held" away 
from the reactive portions of (328) (Fignre 4). It therefore does not interfere with the 
formation ofthiazolidine (329). 
I H . ~CO.OH h N sJ 
PIT 
(328) (329) 
Figure 4 
In their investigation of the chemistry of fused thiazolidines, Hiskey and Dominniani95 have 
also synthesised (318a) in 63% yield from phthaldehydic acid and 2-mercaI1toethylamine 
hydrochloride in the presence of triethylamine and thionyl chloride in boiling 
benzene/methanol mixtures. 
In addition to the tricycles (318a) - (318h), the bicyclic thiazolopyrroles (330) and (331) 
have also been prepared from levulinic acid and the appropriate hydrochloride salt (Scheme 
67) in yields of 60 and 65% respectively using the same procedure outlined in Scheme 64, 
thus demonstrating an extension of this versatile methodology towards the preparation of the 
corresponding bicyclic lactams. 
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~OH y CH3 NaOAc, xylene, .Her 
o 
R = H, -COOCH2CH3 (330); R=H 
(331); R = -COOCH2.CH3 
Scheme 67 
2.2 Attempted Diastereoselective Enolate Alkylations on the 
Thiazoloisoindolinone Templates 
2.2.1 An Introdnction to Protein Strncture and the Importance of a-Alkylated Cysteines 
Derivatives58 
The physiological action of any given protein or bioactive peptide depends on its primary 
structure: that is, the 'linear' sequential arrangement of amino acid residues specific for each 
protein. Based on this exact arrangement, amino acid residues proximal to each other are able 
to twist and fold into a-helices or f3-pleated sheets (termed the secondary structure) forming 
hydrogen bonds, disulphide bridges (or other covalent linkages), ionic and hydrophobic 
interactions between residues where necessary, thus reinforcing the intra-strand ties of the 
helix or pleated sheet. The tertiary structure of the protein is then determined by residues that 
are more distal to each other in the linear peptide sequence. It follows that the peptide 
sequence is essential in determining the spacial orientation and in turn the biological activity 
of a particular protein or peptide. 
In the last two decades, there has been a maior drive in the synthesis of novel p.eptide 
sequences with an inclination towards folding into pre-determined secondary and tertiary 
structures. This has given rise to the idea of protein engineering: a separate scientific 
discipline in itsel£ The introduction of conformational restraints into bioactive peptides may 
provide useful information regarding their bioactive conformation and may lead to beneficial 
physiological effects. For the construction of such molecules to be possible, their building 
blocks - the amino acids - first have to be modified chemically. 
Results and Discllssion 85 
In this context, a-alkyl amino acids have been at the forefront of studies in biomimetic 
research aimed at manipulating the properties of bioactive peptides. a-Alkylation is the 
introduction of an additional. substituent on. the a.-carbon.. a1olU. of an. aminu acid. When 
several of these a-alkyl amino acids are incorporated into a peptide chain Goined by rigid 
amide linkages), well defined conformational restrictions are imparted on the peptide 
, 
backbone due to limited rotational freedom about the N-C(a) and C(a)-C=O bonds (Figure 
5). 
Free Rotation Rigid Amide 
Linkage 
Figure 5 
Furthermore, a-alkyl amino acids are known to be potent enzyme inhibitors, and advances in 
the synthesis of both cyclic and acyclic quaternary a-amino acids were reviewed recently.% 
A multitude of techniques describing the synthesis of such compounds is described, such as 
sigmatropic rearrangements, enantioseIective syntheses and resolution procedures. Also 
included are the use of chiral ~-Iactams and 2H azirines and azidirines as building blocks. 
However, a sizeable proportion of the review has been devoted to diastereoselective 
a1kylations of a-amino acids (known as Seebach's 'Self Reproduction of Stereocentres,)96,97 
and diastereoselective a1kylations of chiral amino acid enolates (Schollkopfs bis-Iactim ether 
methodology).97 
2.2.2 The Principle of Self Regeneration of Stereocentres (The "SRS" Principle)97 
A significant proportion of the research interests of Seebach over the last two decades has 
been devoted to the development of new synthetic methods. Specifically, the introduction of 
an additional substituent at a chiral centre in a stereo selective fashion giving rise to non-
racemic products, dubbed the 'self regeneration of stereo centres'. 
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This synthetic principle essentially involves four steps: the diastereoselective generation of a 
temporary chiral centre in a molecule already containing a chiral centre. The removal of a 
substituent from this original chiral centre would result in the formation of a trigonal centre. 
A further chemical reaction at the trigonal centre would introduce a fourth substituent, again 
diastereoselectively. The destruction of the temporary chiral centre created during the first 
step would form the final step of this synthetic method. 
The overall process is represented in Scheme 68. The hypothetical chiral species (332) is 
allowed to react with an aldehyde or ketone producing the diastereoisomeric acetal (333), 
with preference for one isomer. The original tetragonal centre is destroyed by removal of a 
substituent (Rz). Reaction at the resulting trigonal centre of (334) forms the diastereomeric 
acetal (335). The original centre of chirality is regenerated with an additional substituent (R5) 
replacing' that removed during the trigonalisation of (333), accompanied by inversion or 
retention of configuration at the original chiral centre. 
(333) 
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(332) 
Self Regeneration 
ot Stere.ocentra 
(334) 
Trigonal Centre 
Scheme 68 
(336) 
(335) 
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For the diastereoisomeric acetal (335) to be formed, any reaction at the trigonal centre must 
proceed diastereoselectively. The temporary chiral centre (formed by the initial reaction of 
(332) with R3COR4) influences the reaction ofR5Z at the trigonal centre of (334). Subsequent 
acetal removal of (335) furnishes the desired quaternary species (336). 
Suitable reactive intermediates - the trigonal centres (337) - (341) at which addition reactions 
can take place include cationic, anionic and radical systems. Furthermore, endocyc1ic or 
exocyclic It-systems of type (340) or (341) respectively can also be generated with a view to 
accessing products bearing a specific facial orientation. 
~H ~H ~H 
R'--C/ Y RL-C/ Y R'--C./ Y. @V 8 V ·v 
(337); cationic (338); anionic (339); radical 
(340); endocyclic (341); exocyclic 
The t-Bu group has been used extensively in initial studies that demonstrate this concept by 
Seebach.9& Its steric bulk results in a high yielding acetalisation step showing a high 
diastereoselectivity. Furthermore incorporation of an unreactive t-Bu group into the acetal 
portion of the molecule imparts higher diastereoselection in subsequent reactions at the 
trigonal centre. 
The first example of the self regeneration of stereocentres principle was demonstrated in 
1981.98• Starting with the readily available, low boiling pivalaldehyde and appropriate chiral 
acid (lactic acid, mandelic acid or (S)-proline) the dioxolanones (342) were prepared with 
high diastereoseIectivity (Scheme 69). 
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(342a); R = Ph 
(342b); R = CH3 
C?<ro 
.\-6 
7\ H (342c) 
from (S}-proline 
Scheme 69 
.. 
(344) 
RI =rr-Pr; -CHiCH3, 
allyl, -CH2Ph 
Stereoselective enolate alkylation (via enolate (343) followed by addition of alkyl halide) of 
the lactic acid derivative (R = -CH3) lead to the fonnation of the a-alkyl dioxolanones (344) 
with all observed diastereoselectivities being above 90%. 
The SRS protocol has been used to generate higher amino acids and their derivatives from 
the initial synthesis, resolution and alkylation of imidazolidinone glycine derivatives98e (345) 
(Scheme 70) in a manner reminiscent of Schollkopfs bis-Iactim ether methodology (see 
later, Scheme 73). 
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resolution 
(345) 
HzN:{ 
HO . Q 
(348) 
(R)-(346) 
i)(Boc}zO 
ii) alkylation 
(347) 
hydfolysis 
~ HzNX' . "'-
Ha 0 
(349) 
Scheme 70 
H3C 
\ U OH 
-1"".,,<N;?, 0 A 0) = Ph N Hz 
(8)-(346) 
O"'''COOH fr 
(350) 
The resolution of (345) with mandelic acid, followed by Boc protection, alkylation and acid 
hydrolysis of (R)-(346) al10wed stereoselective access to a range of aliphatic, aromatic and 
cyclic amino acids (for example (S)-valine (348), (R)-2-amino-4-phenylbutyric acid (349) 
and (R)-proline (350»98< The broad range of synthetic applications of the SRS principle was 
recognised and extended to the synthesis of all proteinogenic amino acids, 96,98< 
2.2.3 Synthetic Applications of a-Alkylated Cysteines: An Overview 
Essentially a sulfur containing analogue of serine, the variable ('R') group found in cysteine 
is a thiomethyl (-CHzSH) group which affords cysteine a hydrophilic, unchar!Led nature, As 
well as being able to form hydrogen bonds with water, cysteine can also form a disulfide link 
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with the thiol group of another cysteine molecule, forming cystine (352) as outlined in 
Scheme 7158 
COOH 
I 
H2N- C- H 
L:SH 
COOH 
I 
H2N- C- H 
L:SH 
(351) 
• 
(352); cystine 
Scheme 71 
The occurrence of cysteine in natural products is not altogether uncommon. The thiazoline 
containing (S)-desferrithiocin (353), pyochelin (354) and anguibactin (355) are typical 
examples of naturally occurring ferric ion (Fe2+) chelators (siderophores). These molecules 
are able to form strong complexes with Fez+, presumably by coordination through their 
phenolic hydroxyl groups, thiazoline nitrogen and carboxylate oxygen atoms. 
(353) (354) 
~OH OH r"'" 0 .. .h ~,J . .--.. rNH sJ)l ~) 
HO N 
(355) 
Furthermore, the isolation and structural elucidation of the tantazoles99 (356) - (358) and 
mirabazoles1oo (359) - (361) (from terrestrial blue-green algae) reveals the presence of a 
unique arrangement of four thiazoline rings arranged in series. The tantazoles contain an 
additional terminal oxazole ring. 
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tantazofe It (356); RI = H; R2 = -CH3, R"" = i-Pr. 
didehyliFlltantazole A (357); RI = R2 = -CH:,; R3 = i-Pr. 
} 2 :>. tbiangazole (358t R = R = -CH3, R = styryl. 
mirabazote It (359); Rt = tr= -CH3. 
mirabazoJe C (360}; RI = H, R2 = -CH3. 
diaehyaromirabazofe A (361); RI = -CH3, R2 ,,; H. 
A closer examination of the 2,4-disubstituted thiazoline framework of the tantazoles and 
mirabazoles reveals the presence of a quaternary centre thought to be formally derived from 
a-methylcysteine. Specifically, all three asymmetric centres of the thian&azoles contain 4-
substituted methyl groups derived from (R)-2-methylcysteine (362). 
H2N~"r .' '--OH 
3 
HS . 
eR) - (3(j2) 
It follows that In order to achieve a synthesis of the tantazoles, the mirabazoles and 
desferrithiocin, an enantioselective synthesis of 2-methylcysteine is necessary. The 
preparation of the latter has received much attention due to its potential for enzyme inhibition 
as well as its incorporation into synthetic routes describin& the synthesis of the 
aforementioned naturally occurring molecules. 
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3.7, 10.7, -CH(H)OR), 3.85 (3H, s~ -OCHi}.,.3.86 (3H~s> -OCH~»6.70-6.76 (2H, m,ArR), 
6.81 (lH, d, J 8.7, ArR); /le (100MHz; CDChITMS) 40.4,54.6,56.2,56.3,66.3, llL7, 
112.7, 121.5, 131.4, 148.0, 149.3; m/z (El) 211 (1f",5%), 180 (17), 165 (4), 152 (80), 151 
(27), 137 (12),121 (5), 107 (8), 94 (2), 91 (11),77 (6), 65 (4), 60 (lOO), 44 (12) (Found: 1f", 
211.12108. CllH17N03 Requires M+, 211.12084). 
Compound (504) has also been aecessed via a different route by Sehrecker and HartweU184 by 
the direct lithium aluminium hydridereduction of(Sl-3j-dimethoxyphenyJalanine. 
(3R)-3-{[3,4-Di(methoxy)phenyl]metbyl}perhydropyrido[2,I-b][l,3]oxazol-5-one (505) 
60.· ......• "H "'''lQ 
H 
(505) 
(2S)-2-Amino-3-(3,4-dimethoxy)propan-l-ol (504) (0.46g, 2.2mmol) and methyl-5-
oxopentanoate (472) (0.29g...2.2mmol) were refluxed in toluene. (150ml).. under Dean-Stark 
conditions for 48 hours. The resulting yellow solution was allowed to cool and the toluene 
removed by evaporation under reduced pressure to yield a yellow oil. 250MHz IH NMR 
spectroscopic analysis of the crude product mixture revealed the. formation of a 6: 1 
diastereomeric mixture of the desired product bicyclic lactam. No further purification was 
necessary and the yellow oil was taken directly to the next step (0.59g, 94%). Vmax (film)/cm-J 
2953 (Sp3 CR), 2850 (ArOCH3), 1647 (CO), 1466 (ArR); Major isomer: OH (250MHz; 
CDChITMS) 1.36-1.52 (1H,m~-(CH(H)4CO),..1.60-1.78 (lH,m,..-(CH(JI}h .. CO),..1.90-2.14 
(lH, m, -(CH(H»3CO), 2.19-2.27 (lH, m, -(CH(H»3CO), 2.30-2.43 (2H, m, -(CH(H)3CO), 
2.48 (lH, dd, J 9.6, 13.2, -CH(H).Ph),..3.53 (lH,ddJ2.6,..13.3, -CH(H)ph)J71 (lH,m, J 
1.3,6.2,9.4, -OCH(H», 3.86 (3H, s, -OCH3), 3.88 (m, s, -OCH3), 4.02 (lH, dd, J 1.1,9.4,-
OCH(H), 4.18 (lH, ID, -OCHl..cHCH2Ph~4.67 (lH,ddj3.3~9.8 ... -(CHzh.CHOCH~6.70-
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6.84 (3H, m, ArB); Major isomer: oc-(I00MHz~CDChLTMSp7.8~28.7>-31.3>-36.9>-S6.3, 
56.3, S7.2, 69.6, 89.4, 111.6, 113.1, 121.9, 131.0, 148.3, 149.4, 168.7. 
(6S, 11 bR)-6-(Hydroxymethyl):-9JO-di(methoJy).-1.3~4~6~7 ~11 b-
hexahydro-2H-pyrido[2,I-ajisoquinolin-4-one (506) 
OCHo 
(506) 
An unseparated mixture of the syn- and anti diastereoisomers of (3R):-3-{D,4-
di(methoxy)phenyl]methyl} perhydropyrido[2, I-b][ 1,3]oxazol-S-one (505) (0. S8g, 2mmol) 
were dissolved in anhydrous DCM (SOml'L under a nitrogen atmosphere. The resultingsellow 
solution were cooled to -lOoC and titanium (IV) chloride (0.33ml, 3mmol) was added by 
syringe. After stirring at this temperature for IS minutes>- the red/brown suspension was 
allowed to warm to room temperature and stirred for a further 20 hours. The reaction was 
quenched by addition of saturated ammonium chloride solution (50ml} The aqueous laxer 
was separated and extracted with DCM (3x30ml). The combined organic layers were dried 
(MgS04) and the solvent removed by evaporation under reduced Rressure to yield a 
yellow/orange oil. 250MHz IH NMR spectroscopic analysis of the crude product mixture 
revealed the formation of a single pxoduct diastereQisomeL The QiI Wali purified. b)' flash 
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column chromatography on silk~gel usin~DCMlmethanQl (9:1~mixtures as eluent tu afford 
the target compound as a yellow oil (0.39g, 68%), a portion of which was recrystallised from 
CHChlhexanes to yield colourless crystals. Mp 152-154°C; [a]i,' +101.50 (c 1.17, CHCh); 
Vma< (fiIm)/cm-1 3384 (OH), 2940 (Sp3 CH), 2863 (ArOCH3), 1612 (CO), 1464 (ArH); OH 
(400MHz; CDCb/TMSl- 1.71-1.81 (1H,. m,... -CH(H)CH,.cH,.cQ~ 1.88-1.98 (2lI~ m, -
CHzCHzCHzCO), 2.35-2.47 (2H, m, -CH(H)CH2CH(H)CO), 2.58 (1H, dt, J 5.3, 17.6, -
CHzCH2CH(H)CO), 2.65 (lH~ dd,j 2.9, 16.2, -CH(H)Phh.- 2.98 (lH~ dd.J 6.1. 16.2, -
CH(H)Ph), 3.56 (JR, dd, J 10.8, 13.6, -CH(H)OH), 3.58 (lH, br, -OH), 3.59 (lH, dd, J 8.8, 
13.6, -CH(H)OH), 3.85 (3H,s~-OCH:0.-3.86 (3H.s~-OCH3.h.-A.56 (l~dd.J 4.4.JO,-
(CH2)3CHNCO), 5.15-5.22 (lH, In, PhCHzCHCH20H), 6.62 (1H, S, ArH), 6.66 (1H, s, ArH); 
Oc (lOOMHz; CDClJ.!TMS>-19.4~29.4>30.9,32.5, 49.3,53.5.56.2.56.4,62.7,108.5.112.2, 
125.0, 128.1, 148.0, 148.4, 17\.8; mlz (El) 291 (M" 23%), 260 (100) (Found: M'", 
291.14700. C16H21N04 Requires M" 291.14706). 
3.8 Towards the Lactol Precursor of Xylopinine 
3,4-Dihydro-IH-isochromen-l-one (isochromanone) (584)160 
(584) 
To a stirring solution ofisochromane (2.0g, 15mmol) and TEBAC (1O.2g, 45mmol) in DCM 
(lOOml) was added finely ground potassium permanganate.. (7.07&- 45mmol~ This. mixture 
was heated under reflux for 16 hours. Upon cooling in an ice/salt bath, sodium bisulfite (32g) 
in water (20ml) was added with vigorous stirring until the purple colour was completely 
discharged. The aqueous layer was separated and extracted with chloroform (3x50ml). The 
combined organic layers were washed with water (2x50ml>"- dried (MgS04.>- and the solvent 
removed by evaporation under reduced pressure. The residue was purified by flash column 
chromatography on silica gel usin~diethyl ether/light petroleum as eluent tQ afford the target 
compound as a yellow oil (2.01g, 91%). Vmax (film)/cm-l 2953 (Sp3 CH), 1719 (COOCH2), 
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1459 (ArH); OH (400MHz~CDChLTMSp.06 (2H>tJ6.0>-COOCH2..CH2L4.53 (2H>tJ6.0, 
-COOCH2CH2), 7.27 (IH, d, J 7.6, ArH), 7.39 (IH, dt, J 0.8, 8.0, ArH), 7.54 (JR, dt, J 1.6, 
7.6, ArH), 8.08 (JR, dd> J 0.8~ 8.0, ArH).~ Oc. (IOOMHz~ CDChLTMS).. 28.1> 67.6~ 125.6, 
127.8, 128.2, 130.3, 133.7, 139.9, 165.4; mJz (El) 148 (M\ 71%), 118 (100),90 (62), 77 (5), 
51 (6) (Found M+, 148.02516. C9Hs02 Requires M+, 148.05243). 
3-Hydroxy-3,4-dihydro-lH-isochromen-l-one (578)185 
(578) 
To a stirring mixture of water (50mJ) and isochromanone (584) (1.8g, 12nmlOl) was added 
potassium hydroxide (2.0g..18mmol).. This mixture was allowed to stir at room temperature 
for 24 hours. The resulting yellow solution was acidified (pH 1-2) with 2M sulfuric acid and 
extracted with diethyl ether (3x30mJ).. and dried (MgSO~ The diethyl ether was removed by 
evaporation under reduced pressure at O°C to yield the target hydroxy intermediate (586) as 
an off white solid which was used without further purification due to relactonisation. The 
solid was dissolved in DCM (50ml) and PDC (6.2Ig, 17mmol) was added and the mixture 
allowed to stir at room temperature for 24 hQurs... The mixture was. dilute.d.with diethyl ether 
and filtered through a pad of Celite. After washing the Celite 'cake' with additional diethyl 
ether, the filtrate was removed. by evap.oration under reduc.ed pressure.. The. res.ultillg 
redibrown residue was purified by flash column chromatography on silica gel using diethyl 
etherllight petroleum mixtures as eluent to afford the target compound as a white solid (O.4g, 
20%). Mp 94-96°C (DCMlhexanes) (Lit., 98_99°C1S5); Vrnax (film)!cm,l 3269 (OH), 2913 (Sp3 
CH), 1693 (COO), 1467 (ArH)~ OIL (250MHz;, CDCl~ITMS).. 3.20 (2R d> J 3.2, -
COOCH(OH)CH2), 5.90 (1H, br s, -OH), 5.98 (JR, t, J 4.2, -COOCH(OH)CH2)' 7.28 (JR, d, 
J8.1, ArH), 7.36 (JR, tJ7.6>ArH).J54 (JR~dtJ 1.4J6~Ar~8.05 (JR>ddJO.7~716, 
Exoerimental. 240 
AIH); Oc (100MHz; CDCh/TMS)34.3>96.9~124.9,J28.0~128.8, 130.3,134.6>137.0, 166.1; 
mlz (El) 164 (M+, 5%), 136 (31), 118 (lOO), 91 (27),90 (49), 77 (11), 51 (5) (Found M., 
164.04722. C9Hs03 Requires M+, 164.Q4735). 
Compound (578) has been accessed via a different route by Kuhn and Butula. 185 
2-\3,4-Di(methoxy)phenyl\ethanol (homoveratryl alcohol) (580)183,186 
(580) 
Chlorotrimethylsilane (1. 98mJ, 20mmol) was added to a stirring solution of lithium 
borohydride (S.1mJ, 10mmol of a 2M solution in THF) in THF (20mJ) under a nitrogen 
atmosphere over 2 minutes at room temperature. Homoveratric acid (579) (1.0g, 5mmol) was 
then added within 5 micutes aDd-~ reactioc mixture was. allowed to.. ~ fol: a,.fbrther.24 
hours. Methanol (30mJ) was added with care and the solvents removed by evaporation under 
reduced pressure. \83 The residue was dissolved in 10% potassium hydroxide solution (20mJ) 
and extracted with DCM (3x30mJ)~dried (MgSQ4land the. solventremQve.d by e.vap.oration 
under reduced pressure to yield a viscous yellow oil, which was purified by flash column 
chromatography on silica gel using die.thyl etherllight p.e.tro1e.um mixtures as. e.Juent to afford 
the target compound as a white solid (0.85g, 91%). Mp 47-49°C (diethyl etherlhexanes) (Lit., 
47-48°CI86); Vmax (film)/cm-1 3384 (OH), 2938 (Sp3 CH), 2836 (ArOCH3), 1464 (AIH); OH 
(400MHz; CDChITMS) L68 (lH~br ~-Qm.-al (2~tj 6.4~-CH~H"QH) • ..3 ,83 (2K t, J 
6.4, -CH2CH10H), 3.85 (3H, s, -OCHl ), 3.87 (3H, s, -OCH3), 6.75 (lH, s, AIH), 6.77 (lH, d, 
J 8.0, AIH), 6.81 (lH,.dJ 8,0~AIH);.Jic.(100MHz~CDChLTMS)39J>56.456.3~6410, 
111.8, 112.6, 121.3, 131.4, 148.0, 149.4; mlz (El) 182 (M+, 98%), 162 (2), 152 (35), 151 
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(100), 107 (30), 91 (20), 77 (20), 51(11) (Found M+, 182.09423. C lOH I403 Requires M+, 
182.Q9430). 
Compound (580) has been accessed via a different route by Fulton and Robinsonl86 from the 
sodium mediated reduction ofhomoveratric acid ethyl ester. 
6,7 -(Dimethoxy)-3,4-dihydro-lH-isochromene (581 )159 
t ~ 0 H3C0XX)
H,co: ~ 
(581) 
To a stirring solution of homoveratryl alcohol (580) (5.0g, 28mmol) in triflouroacetic acid 
(10mI) was added paraformaldehyde (Ig). at room temperature. This suspension was allowed 
to stir for 30 minutes. The mixture was added to diethyl ether (30mI), washed with saturated 
sodium hydrogen carbonate solution and. hrine (30mI~ The organic. layer w~ separated. and 
dried (MgS04) and the solvent removed by evaporation under reduced pressure. The residue 
was purified by flash col= chromatography on silica gel using ethyl ac.etateLlight 
petroleum mixtures as eluent to afford the target compound as an off white solid (3.30g, 
62%). Mp 80-82°C (diethyl etherlhexanes) (Lit., 82_83°CI59); Vmax (film)!cm-I 2936 (Sp3 CH), 
2835 (ArOCH3), 1464 (ArH)~1124~1097 (CH2-0CH~oll.(250MHz;..CDChLTMS)2.79 (2H, 
t, J 5.8, -OCHzCHzAr), 3.83 (3H, s, -OCH3), 3.85 (3H, s, -OCH3), 3.94 (2H, t, J 5.6, -
OCHzCHzAr), 4.69 (2R s~-QCHzAr)..6.47 (lH~~ArH)..6_61 (lH~s~Ar~Qe-(100MHz; 
CDChITMS) 28.2,56.2,56.3,65.8,68.0,107.7,112.1,125.4,127.0, 147.9, 148.1; mlz (El) 
194 (M+, 100%) (Found M+, 194.09467. Cl1H I40 3 RequiresM', 194.09430). 
6, 7-(Dimethoxy)-3,4-dihydro-1H-isochromen-1-one (583)160.187 
ExoerimentaL 
o 
(583) 
To a stirring solution of 6,7-(dimethoxy)-3,4-dihydro-1H-isochromene (581) (0.2g, Immol) 
and TEBAC (0.70g, 3mmol) in DCM (lOOml} was added finely ground potassium 
permanganate (0,49g, 3mmol). This mixture was heated under reflux for 16 hours. Upon 
cooling in an ice/salt bath, sodium bisulfite (2gJ in water (5m11 was added with vig.orous 
stirring until the purple colour was completely discharged. The aqueous layer was separated 
and extracted with chloroform (3xI5m1~ Tk ~omhined. Qrgani~ layer~ were. washell with 
water (2x50ml), dried (MgS04) and the solvent removed by evaporation under reduced 
pressure. The residue w~ purifieci h)' flash ~Qlumn chromatograph), on sili~ gel using 
diethyl ether/light petroleum as eluent to afford the target compound as a white solid (0.18g, 
84%). Mp 138-140°C (diethyl etherlhexanes) (Lit., 140_141°CI87); Vmax (fiIm)/cm'z 2924 (Sp3 
CH), 2826 (ArOCH3), 1713 (COOCR~~J468 (ArH.t.Ol!.{400MHz~CDChLTMS12.79 (2H,! t, 
J 6.4, -COOCH2CH2Ar), 3.92 (3R, s, -OCH3), 3.95 (m, s, -OCH3), 4.52 (2H, t, J 6.0, -
COOCH1CH1Ar), 6.69 OKs...ArHl.-7.i6 (1R-s...ArH)~J)c(JOO~CDChLTMSJ-2119, 
56.6 (2C), 67.7, 109.5, 112.3, 117.9, 134.3, 148.9, 154.0, 165.5; m/z (El) 208 (M+, 100%) 
(Found M+, 208.07402. CU HIZ04 Requires M+, 208.07356). 
Compound (583) has been accessed via a different route by Bose and Chaudhuryl87 from the 
lithium borohydride reduction ofmethyl-2-carboxy-4,5-dimethoxyisocoumarin. 
3-Hydroxy-6,7 -( dimethoxy )-3,4-dihydro-IH-isochromen-I-one (577)188 
OH 
(577) 
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To a stirring mixture of water (50rnl) and 6]-(dimethoxy)-3~4-dihydro-lH-isochromen-l-one 
(583) (l.lg, 5.3mmol) was added potassium hydroxide (0.44g, 7.9mmol). This mixture was 
allowed to stir at room temperature for 24 hours. The resulting yellow solution was acidified 
(pH 1-2) with 2M sulfuric acid and extracted with diethyl ether (3x30rnl) and dried (MgS04). 
The diethyl ether was removed by evaporation under reduced pressure at O°C to yield the 
target hydroxy intermediate (585) as an off-white solid which was used without further 
purification due to relactonisation. The solid was dissolved in DCM (50rnltand PDC (1.50g, 
4mmol) was added and the mixture allowed to stir at room temperature for 24 hours. The 
mixture was diluted with diethyl ether and filtered through a :pad of Celite. After washinK the 
Celite 'cake' with additional diethyl ether, the filtrate was removed by evaporation under 
reduced pressure. The resulting. redLbJQwn. [esidll~ w~ purified by flash column 
chromatography on silica gel using diethyl ether/light petroleum mixtures as eluent to afford 
the target compound as a white solid (O.ll~ 19%) M:p 168-170°C (DCMlhexanes) ~it., 
168°CI88); Vroax (film)!cm-1 3364 (OH), 2925 (Spl CH), 2841 (ArOCHl ), 1699 (COO), 1457 
(ArH); OH (250MHz; CDChLTMSt 3.l5 OR-dJ 2...6~-CQQCH\-QH)CH~3.9L OH,..s, -
OCHJ), 3.95 (3H, s, -OCH3), 4.89 (lH, br s, -OH), 5.94 (lH, t, J 3.2, -COOCH(OH)CH2), 
6.71 (lH, s, ArH), 7.54 (~~At:lll-()c- (lQQ~CDCIJlTMSt29_8~5M~56_6..-96.2, 
110.6, 112.0,117.1,131.0,149.0,154.6,165.0; mJz (El) 224 (M" 72%), 206 (30),196 (86), 
195 (60), 178 (85), 150 (100), 135 (32), 107 (23), 92 (20), 77 (22), 51 (11) (Found M+, 
224.06831. CllH120S Requires M+, 224.06848). 
Compound (577) has been accessed via a different route by Hazebroucq et. al. 188 from the 
action of potassium hydroxide on 6,7 -dimethoxy-l-oxo:phenylacetarnido-3-isochromanone. 
3.9 Towards the Total Non-Racemic Synthesis ofXylopinine 
2-[(1S)-2-[3,4-Di(methoxy)phenyll=1-[(hydrQxymethyl~thyll=1,2-dihydroisoquinoline-l­
one (588) 
Exoerimellt3l-
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OH 
H. (588) 
fI 
(2S)-2-Amino-3-(3,4-dimethoxy)propan-l-ol (504) (0.044g, 0.2mmol) and 3-hydroxy-3,4-
dihydro-lH-isochromen-l-one (578J- (0 .034~ O.2mmolJ- were refluxed in toluene (I50ml) 
under Dean-Stark conditions for 48 hours. The resulting yellow solution was allowed to cool 
and the toluene removed by evaporation under reduced pressure to )'ield a yellow oil,which 
was taken directly to the next step. (3S)-3-{(3,4-Di(methoxy)phenyl]methyl}-2,3,3a,4,9,9a-
hexahydronaphtho[2,3-blfuran-4-one (587aJ- (0.066g.. 0.2mmolJ- was dissolved in anhydrous 
DCM (20ml) under a nitrogen atmosphere. The resulting yellow solution was cooled to -
10°C and titanium (IV} chloride (0.03ml~ O.3mmolJ- was added by syring.e. After stirring,at 
this temperature for 15 minutes, the redlbrown suspension was allowed to warm to room 
temperature and stirred for a .. further 20 hQurs- The reaction wa£. qIlenched. hy addition of 
saturated ammonium chloride solution (20ml). The aqueous layer was separated and 
extracted with DCM (3x15ml). The combined organic layers were dried (Mg.S04.J- and t)1e 
solvent removed under reduced pressure to yield a yellow/orange oil. 250MHz !H NMR 
spectroscopic analysis of the crude product mixture revealed the formation of a single 
product diastereoisomer. The oil was purified by flash column chromatography using silica 
gel and DCM:methanol (19~1'l- mixtures. a£ eluenL Evap.oration Qf the desireQ fra.ctiops 
afforded the target compound as a yellow oil (0.063g, 95%), a portion of which was 
recrystallised from CHChlhexanes to yield white needles. Mp 126-128°C; [a.]~ -110.8 (c 
0.26, CHCh); Vmax (film)!cm'! 3394 (OH), 2934 (Spl CH), 2836 (ArOCH3), 1647 (NCO), 
1619 (C=C), 1516 (ArHkOa(400MHz~CDChrrMSJ-1.26 (IH,s,-OH)JI5 (IH,dd,J 6.8, 
14.0, -CH(H)Ph), 3.23 (lH, dd, J 8.8, 14.4, -CH(H)Ph), 3.66 (3H, s, -OCHl ), 3.81 (3H, s, -
OCHl), 3.98-4.06 (2H,~-CHzOH) • .4.88-4.95 (III,..m~RQCH~CHCH:U'h~6A2(IH~d"J 
7.2, -NCH=CH), 6.63 (1H, s, ArH), 6.72 (1H, s, ArH), 6.73 (IH, s, ArH), 6.98 (UI, cl, J7.6,-
NCH=CH), 7.42-7.50 (2H, rn,ArH), 7.63 (lH,dt,j 1.2,8.0,ArH),8.41 (1H,dd,J 0.8,8.4, 
ArH); Qc (IOOMHz; CDCh/TMS) 35.3,56.0,56.2,64.3,106.9,111.7,112.4,121.4,126.1, 
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126.5 (qx2), 127.3, 128.3, 130.3, 130.7, 132.8, 137.1, 148.1, 149.3, 163.5; mlz (El) 339 (M'", 
4%), 194 (100) (Found: M'", 339.14618. C2olbN04 Requires M+, 339.14706). 
2-(1S)-2-LM-Di( methox)')pben)'J}:-l-[(It)'droX)'meth)'J).etb)::J].-6,.7 -di(metb)'loxy:):-l ,2-
dihydroisoquiuoline-l-one (589) 
o 
I:l (589) 
(2S)-2-Amino-3-(3,4-dimethoxy)propan-l-01 (504) (0. 109, 0.5mmol) and 3-hydroxy-6,7-
(dimethoxy)-3,4-dihydro-1H-isochromen-l-one (577). (OJ 19... O.5mmol). were refluxed in 
toluene (150ml) under Dean-Stark conditions for 24 hours. The resulting yellow solution was 
allowed to cool and the toluene removed by evaporation under reduced pressure to yield a 
yellow oil, which was taken directly to the next step. (3S)-3-{[3,4-
Di(methoxy)phenyl]methyILc6,1-di(methoxy)-2,3,3a>4,9,9a-hexahydronaphtho[2,3-blfuran-
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4-one (587b) (O.18g, O.5mmol} was dissolved in anhydrous DCM (20ml) under a nitro~en 
atmosphere. The resulting yellow solution was cooled to -10°C and titanium (IV) chloride 
(O.05m1, 0.7mmol) was adde!l by syringe.. After stirrin~at this temllerature[or 15 minutes, 
the redlbrown suspension was allowed to warm to room temperature and stirred for a further 
20 hours. The reaction was quenched by addition of saturated ammonium chloride solution 
(20mJ). The aqueous layer was separated and extracted with DCM (3xI5m1). The combined 
organic layers were dried (MgSO~and the solvent removed under reduced pressure to yield 
a yellow/orange oil. 250MHz IH NMR spectroscopic analysis of the crude product mixture 
revealed the formation of a single produc.t diasrefenisamer _ The. oil was purified.. by flash 
colunm chromatography using silica gel and DCM:methanol (19: 1) mixtures as eluent. 
Evaporation of the desired fractions.afforde!l the target c.omllound.. as. ayeJlow oil (0.Q42g, 
26%). [a.]~ _92.0° (c 1.70, CHCh); Vmax (fiIm)/cm-1 3384 (OH), 2929 (Sp3 CH), 2847 
(ArDCH3), 1646 (NCO»I591 (C=e}>1515 (ArH}~Da.(250MHz~CDClliTMS)I.26 (lH, s,-
OR), 3.11 (lH, dd, J 6.8, 14.1, -CH(H)Ph), 3.21 (lH, dd, J8.6, 14.1, -CH(H)Ph), 3.65 (3H, s, 
-OCH3), 3.81 (3H, s, -OCHl),.3.88-4.05 (2H,.~ -CHz-OH}J96 ORs,.-OCH1h-3.98 (3H, s, 
-OCH3), 4.70-4.82 (lH, ID, HOCH2CHCH2Ph), 6.32 (lH, d, J 7.4, -NCH=CH), 6.61 (lH, s, 
ArR), 6.71 (2H, s, ArH)~6.78 (lH>s,ArH),.6.87 (lH,. dj 7.4~-NCH=CH)> 7.72 (lH, s, 
AIR); Dc (100MHz; CDChITMS) 35.4, 56.0, 56.2, 56.3, 56.4, 56.5, 64.3, 106.1, 106.3, 
107.9, 111.6, 112.5, 120.4,.121.4,130.5,. 132.6 (Cl-x2~148.1,.I49.2~149.7~153.9~162.8;.m/z 
(El) 399 (M+, 4%),138 (lOO) (Found: M+, 399.16739. C22H25N06 RequiresM', 399.16819). 
3.10 Towards the AmiDo Alcohol ~Rcmsm:.ot:Nmwam.ine 
Methyl (2.S)-2-amino-3-(3,4-di{[l-(1,1-dimethylethyl)-1,1-
dimethylsilyl]oxy}phenyl)propanoate (645)171 
H2N:CCC0Si(CH:312C(CH3b r": 
h-~. 0- OSi(C~H3>S 
(645) 
Imidazole (26.0g, 383mmol} was added to a cold (O°e) solution of L-DOPA methyl ester 
hydrochloride (6.30g, 25.5mmol) and TBDMS chloride (9.60g, 64mmol) in anhydrous DMF 
EXl)erimental. 2.47 
(30mJ). After stirring at thi!l temperature. for 6 hount an<i addition of saturate.<i !lodium 
hydrogen carbonate solution (lOOmJ), the mixture was extracted with DCM (3x50ml). The 
combined organic layers were then washed with water (6x50mJ~ dried (MgS04~ and the 
solvent removed by evaporation under reduced pressure. The yellow oily residue was 
purified by flash column chromatography on silica gel usin~ diethyl ether as eluent to afford 
the target compound as a pale yellow oil (7.30g, 65%). [ali;' +1.8 (c 3.33, CHCh); Vmax 
(film)/cm'! 3383 (NHz), 2931 (Sp3 CH), 1742 (COOCH3), 15ll (ArH), 840 (SiCH3), 782 
(SiO); OH (250MHz; CDChLTMSl 0.18 (6H>- s, -OSi(CH:02.C(CH3hL 0.19 (6~ s, -
OSi(CH3)zC(CH3)3), 0.97 (9H, s, -OSi(CH3)zC(CH3)3), 0.98 (9H, s, -OSi(CH3hC(CH3)3), 
2.75 (lH, dd, J 7.6, 13,7~ -CH(H)Ar~2.96 (lH~d!l.J 5_6~IH~-CH(H)Ar)...3.66 (IH,..dd, J 
5.3,7.6, ·NHzCHCH2Ar), 3.70 (3H, s, -COOCH3) 6.61 (lH, dd,JZ.I, 8.1, ArH), 6.66 (lH, d, 
J2.1, ArH), 6.75 (lH, dJ8.I~ArH);J5c.(100MHz~CDChLTMSl-3.7 (4C~18.8~18.8~26.3 
(6C), 40.8, 52.3, 56.3, lZ1.4, 12Z.5, 122.6, 130.5, 146.2, 147.1, 175.8; mlz (El) 439 (M+, 
3%),351 (lOO) (Found M'" 439.25804 CzzlLnN04Siz Requires M'", 439.Z5742). 
L ____ _ 
Methyl (2S)·3-(3,4-diUl-(1 ,l-dime.tbyletbyl):-IJ -dimethyls.ilyl].axy }pbeJlyl)-
2-({(1,1-dimethylethyl)oxy]carbonyl}amino)propanoate (652) 
(H3ChCOCOHNDCCOSi(CH3l2C(CH3l3 
I""" 
~ Ho= 0- OSj(CI-~CH313 
(652) 
To a stirring solution of methyl (Z5}2-amino-3-(3>-4-di{ll-(IJ-dimethylethyl}I,I-
dimethylsilylloxy}phenyl)propanoate (645) (Z.40g, 5.5mmol) and di-tert-butyl carbonate 
(1.3lg, 6mmol) in DCM (SOmi).. aL room temllerature. W8!l adde<i triethyl~ (O.75lfl, 
5.5mmol). This solution was allowed to stir at this temperature for 24 hours. The reaction 
mixture was diluted with diethyl ether (50ml)... washed successively with 10% hydrochloric 
acid and saturated sodium hydrogen carbonate solution, dried (MgS04), and the solvent 
removed by evaporation under reduced pressure. The residue wa!l purifed b)L flash column 
chromatography on silica gel using ethyl acetatellight petroleum mixtures as eluent to afford 
the target compound as a yellow oil (Z.80g, 95%). [al;," +8.8 (c 4.94, CHCh); Vmax (film)/cm' 
1 3447 (CONH), Z931 (Sp3 CH), 1748 (COOCH3), 1720 (COOrBu), 1511 (ArR), 840 
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(SiCH3), 781 (SiO); SIL(250MHz~CDCh/TMS} 0.17 (6H,s, -OSi(CHlh-C(CH3.h» 0.19 (6H, 
s, -OSi(CH3)2C(CH3)3), 0.97 (9H, s, -OSi(CH3)2C(CH3)3), 0.98 (9H, s, -OSi(CH3hC(CH3)3), 
1.42 (9H, s, NHCOOC(CHihJ.-2.94 (2H~d.-.l5_6,-CHzAr~3.68 OH~~-COQCH3)..4.12 
(Ill, rn, -NHCHCOOCH3), 4.94 (!H, d, J 7.9, -NHCHCOOCH3), 6.53 (lH, dd, J 1.9, 8.1, 
Arl!), 6.59 (!H, d, J 2.1> Ar11)..6.72 (lH> cl..] 8J~ArH:t.k (IOO~CDChLTM&~ -3.7 
(4C), 18.8, 18.8,26.3 (6C), 28.7 (3C), 37.9, 52.5, 54.7, 77.6, 121.4, 122.6, 129.3, 146.3, 
147.1, 147.1,155.1,172.7; mJz (El) 539 (M+, 10%),426 (18), 408 (20), 382 (22), 351 (100), 
179 (27), 73 (98), 57 (44) (Found W 539.30915. C27I49N06Si2 Requires W, 539.30985). 
Methyl (2S)-3-(l,3-benzQdioxol-5-yl):-2-(UQ.,1-
dimethylethyl)oxy1carbonyl}amino)propanoate (653) 
(653) 
Bromochloromethane (0. 71 m1~ 11 mmoJ} was. addell to a. stirre.d snlution of C.e.siUlD flouride 
(6.43g, 42mmol) and methyl (2S)-3-(3,4-di{[I-(1,I-dimethylethyl)-I,I-
dimethylsilyl]oxy} phenyl}-2-( {W ,1-dimethyl ethyl}oxyLcarbonyl lamino )propanoate (652) 
(2.28g, 4.2mmol) in anhydrous DMF (20ml) under a nitrogen atmosphere. The mixture was 
heated at 110°C for 2.5 hours.. Upon c.ooJi~the.mixture. was.dilute.d with DCMandJiltered. 
The filtrate, along with DCM washings of the residue, were washed with water (6x50ml), 
dried (MgS04) and the solvent removed by evaporation under reduced pressure. The residue 
was purified by flash column chromatography on silica gel using ethyl acetate!1ight 
petroleum (1:5) mixtures .. as. e111enLro affof(Lthe- target compound as. a. viscous )'ell.ow oil 
(0.82g, 60%). [u]i? +23.9 (c 2.63, CHCh); Vmax (film)/cm-1 3380 (CONH), 2977 (Sp3 CH), 
2858 (OCH2Ar), 1752 (COOCH3), 1714 (COOtBu), 1504 (ArH); OH (250MHz; CDChITMS) 
1.42 (9H, s, NHCOOC(CH:ili1.-2.95 OR ddj 6.3~ 13A -CH(IILPh),.3.03 (lRddj 5.8, 
13.6, -CH(H)Ph), 3.72 (3H, s, -COOCH3) 4.52 (lH, q, J7.2, -NHCHCOOCH3), 5.03 (IH, d, 
J7.6, -NHCHCOOCH1)..5.92 (2H~s~-OCH~O-)..6.56 (IRddj 1.4~7.9~ArH)~6.61 (lH, d, 
J 1.5, ArH), 6.72 (1H, d, J7.6, ArH); Oc (100MHz; CDCh/TMS) 28.7 (3 C), 38.4, 52.6, 54.9, 
77.6, 100.2, 108.7, 110.0, 122.8, 130.0, 147.0, 148.1, 155.5, 172.7; mlz (El) 323 (M+, 3%), 
135 (100) (Found: M" 323.13621. CI6H21N06 Requires~, 323.13689). 
Methyl (2S)-2-amino-3-(1,3-benzodioxol-5-ylhropanoate (654) 
(654) 
To a stirred solution of methyl (2S)-3-(1,3-benzodioxol-5-yl)-2-({[(l,I-
dimethylethyl)oxy ]carbonyl~nQ)prQp.anQatJt (653t (0_8 I&- 2..5mmo1>.- in DCM (iOml>.-was 
added TFA (3.85ml, 50mmol). The mixture was stirred at room teperature for 24 hours and 
saturated sodium hydro~en carbonate was added until the effervescence subsided. The larers 
were separated and the aqueous layer was extracted with DCM (3x30ml). The combined 
organic layers were dried (MgSO~ and the solvent removed by evaj1oration under reduced 
pressure. The residue was purified by flash column chromatography on silica gel using 
diethyl ether as eluent to afford the tar~et comj1ound as a yellow oil (0.42&- 75%),. Vi" 
(film)/cm-1 3379 (NH2), 2952 (Sp3 CH), 2846 (OCH2Ar), 1737 (COOCH3), 1490 (ArH); OH 
(250MHz; CDChITMS) 2.78 (lH~ddj 7_0~133~-CH(H)Ph)..3_00 (lH~d~J 5J~lH, -
CH(1l)Ph), 3.67 (IH, dd, J 5.1, 7.6, NH2CHCOOCH3), 3.72 (3H, s, -COOCH3), 5.93 (2H, s, -
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OCHzO-), 6.63 (1H, ddj 1.6,..7.9,..ArH>-6_68 (!Rd,.] L4,..ArHl-6]2 (lH,..U 7.9,.. ArE); 
Oc (100MHz; CDChITMS) 41.1, 52.4, 56.3,101.3,108.7,109.9,122.7,131.2,146.9,148.2, 
175.8; mlz (El) 223 (M', 11), 135 (100) (Found: M' 223.08440. CIJH13N04 Requires M', 
223.08446). 
(2S)-2-Amino-3-(1,3-benzodioxol-5-yl) propan-l-ol (631i70 
(631) 
To a stirring solution of LiAIfu (0.17g, 4.6mmol) in anhydrous THF (ISm!) was added 
methyl (2S)-2-amino-3-(1,3-heJlZodioxol-5-yl). prop.anoat~ (654). (034g,... UmmoJl in 
anhydrous THF (5m!) under a nitrogen atmosphere. The mixture was heated under reflux for 
5 hours. Upon cooling the mixture in an ice bath.- 'wet' diethyl ether (20ml). was added with 
care. Excess LiAIfu was quenched by dropwise addition of water and the intermediates 
hydrolysed by addition of 15% sodium hydroxide solution. The mixture was dried (MgS04) 
and the solvents removed by evaporation under reduced pressure to yield a colourless oil, 
which was recrystallised from toluene to afford the target compound as colourless needles 
(0.24g, 80%). Mpt 89-92°C (toluene) (Lit., 91_92°C170); [a]i,' -29.7 (c 1.7, CHCh); Vmax 
(film)/cm-J 3326.1 (OH), 2923.3 (Sp3 CH), 2850 (OCH2Ar); OH (250MHz; CDChITMS) 2.43 
(lH, dd, J 8.3, 13.2, -CH(B)Ph1-2.49 ORbr s~ -OH)J 70 (lH~ddj 5.3,.. 13. 6,..-CH(B)Ph), 
3.00-3.l0 (lH, m, -CHzCHCHzOH), 3.37 (lH, dd, J7.2, 10.7, -CH(H)OH), 3.61 (lH, dd, J 
4.0,10.6, -CH(H)OH), 5.93 (2H,..s,..-OCHzQ-),..6.62 (lH,..dd,..J L7,..7.9,..ArHl-6.67 (!R~J 
1.7, ArB), 6.74 (lH, d, J 7.9, ArE); oc (lOOMHz; CDChITMS) 40.9, 56.2, 71.4, 101.7, 
114.9, 115.2, 121.6, 132.l, 144.5, 147.7; mlz (El) 195 (M" 2%), 60 (100) (Found M' 
195.09001 CIOH13N03 Requires M', 195.08954). 
(2S)-2-Amino-3-(3,4-di Ul-(l J -dime.tbyJethyl):-1 J -dimethylsilyllDxy}phe.nyl)propan-l-ol 
(658) 
251 
(658) 
To a stirring solution of LiAllI4- O.4g.. 34mmoIJ- in anhydrous.. dieth)'l ether (:l0m!). was 
added methyl (2S)-2-amino-3 -(3, 4-di {[ 1-( 1, 1-dimethylethyl)-I, 1-
dimethylsilyl]oxy}phenyl)propanoate (645) (5.0~ Ilmmol). in anhydrouii. diethyl ether 
(lOml) under a nitrogen atmosphere. The mixture was heated under reflux for 5 hours. Upon 
cooling the mixture in an ice bath~ 'wet' diethyl ether (40ml) was added with care ... Excess 
LiA1IL! was quenched by dropwise addition of water and the intermediates hydrolysed by 
addition of 15% sodium hydroxi~sclution. Th~mixtur~Wa!idri~d(MgSQ4and ~solvent 
removed by evaporation under reduced pressure to yield a yellow oil, which was purified by 
flash column chromatography on si~ gel ~diethyl e.ther. a!i eluent. to atrard the..ta,rget 
compound as a pale yellow oil (4g, 85%). [a]i,' +1.2 (c 5.0, CHCh); Vmax (film)!cm-1 3356 
(NH2), 3282 (OH), 2929 (Sp3 CH), 1510 (ArH), 840 (SiCH3), 781 (SiO); OH (250MHz; 
CDCh/TMS) 0.19 (12H~ ~-QSi(CH¥(C.H3)Jx2)...0.99 08H~~-QSi(CH1h.c(CH~), 
2.07 (HI, br s, -OH), 2.40 (lH, dd, J 8.8, l3.6, -CH(H)Ph), 2.66 (IH, dd, J 5.1, 13.6, -
CH(H)Ph), 2.99-3.11 (lH~m~HOCH2..CHCH2Ph~3.36 (lH~ddJ 7.2~ 1O.6~-CH(B).QH), 
3.62 (lH, dd, J 3.6, 10.6, -CH(H)OH), 6.62 (lH, d, J 8.1, -ArH), 6.65 (lH, s, -ArH), 6.75 
(lH~dJ 8.1, -ArH);oc.(lOO~CDClJlTMS)-33 (4C),.J8..8 (2G~2.6..1 (6C.~ 4Q5~54.6, 
66.6, 121.4, 122.4, 122.4, 132.0, 145.8, 147.l; mJz (FAB) 412 (M+, 31%), 351 (100) (Found 
M' 412.27109. C21H.I1N03Si2 Requires M', 412.27033). 
3.11 Towards the Total Non-Racemic Synthesis of Nuevamine 
(38, 9bR)-3-[ (3,4-Di {Ll-(l,l-dime.tbyIe.tbyJ):-l ,l-dime.tbylsJlyILoxy}.p.he.nyl)Jne.tbyl}:-6, 7-
di(methoxy)-2,3,5,9b-tetrahydro[1,3joxazolo[2,3-ajisoindol-5-one (659) 
ExoerimentaL 
(659) 
(2S)-2-Amino-3-(3, 4-di {[ 1-( 1, I-dimethylethyl )-1, I-dimethylsilyl]oxy} phenyl)propan-l-01 
(658} (0.83g, 2mniol} and 2-carboxy-3~4-dimethoxy benzaldehyde (6551 (0.42g.. 2mmol) 
were refluxed in toluene (150ml) under Dean-Stark conditions for 48 hours. The resulting 
yellow solution was allowed to cool and ther toluene removed by evaporation under reduced 
pressure to yield a viscous yellow oil. 250MHz lH NMR spectroscopic analysis of the crude 
product revealed the formation of a single product diastereomer. The oil was adsorbed onto 
silica and purified by flash column chromatography on silica gel using ethyl acetatellight 
petroleum mixtures as eluenL ~ affor~the targl:l compound as.acQlourles£ oil (J _15~97%). 
Mpt 99-102°C (ethyl acetatelhexanes); [a]~ +14.2 (c 4.8, CHCh); Vmax (film)/cm-1 2930 (Sp3 
CH), 2857 (ArOCH3), 1714 (CO}~ 1510 (ArH),..840 (SiCHJ.)... 782 (SiO}~()a(400MHz; 
CDCh/TMS) O.oI (6ll, s, -OSi(CH3)2C(CH3)3), 0.03 (6ll, s, -OSi(CH3)2C(CH3)3), 0.78 (9H, 
s, -OSi(CH3)2C(CH3)3), 0.81 (9R s~ -OSi(CH1h-C(CH~2.66 (lH, dd, J 8.4, 14.0, -
CH(H)Ph), 2.87 (Ill, dd, J 4.8, 13.6, -CH(H)Ph), 3.72 (3H, S, -OCH3), 3.76 (Ill, dd, J 6.4, 
8.4, -OCH(H), 3.92 (3H~~-QCHJ.)...4_09 (lH~dd.-J7 .2~8.8~-QCH(H».A_18-4~4 <1R-n1, -
OCH2CHCH2Ph), 5.40 (lH, s, PhthH), 6.53 (lH, dd, J 2.0, 8.0, ArH), 6.57 (lH, d, J 1.6, 
ArH), 6.61 (lH, d, J 8.0~ Ar~ 6.91 (lH~ d~ J 8.0~ Ar~ 7.00 OR d~ J 8.0~ ArH}J)c 
(lOOMHz; CDCh/TMS) -3.8 (4C), 18.7 (2C), 26.2 (6C), 39.2, 56.9, 57.0, 62.6, 74.8, 90.3, 
117.1, 119.2, 121.3, 122...7~ l22...7~~4_6 •. J3Q.l,.13~L46..Q~L47J}~L4U~15.4-'4-112.l;.nf1z 
(El) 585 (M", 3%), 528 (100) (Found: M', 585.29543. C31H17N06Sh Requires M+, 
585.29420). 
(3S, 9bR)-3-(l,3-Benzodioxol-5-yl methyl),-6,1-di(methox}'12,3,S,9b-
tetrahydroIl,3]oxazoloI2,3-a]isoindol-5-one (656) 
Exoerim enta I 
(656) 
Direct amino alcohol/aldehyde condensation: 
(2S)-2-Amino-3-(1,3-benzodioxol-5-yll- propan-l-01 (631l- (0.1 Og.. 0.5mmoll- and 2-carboxy-
3,4-dimethoxy benzaldehyde (655) (0.11g, 0.5mmol) were refluxed in toluene (l50m!) under 
Dean-Stark conditions for 24 hours. The resultin~ yellow solution was allowed to. cool and 
the toluene removed by evaporation under reduced pressure to yield a viscous yellow oil. 
250MHz III NMR spectroscopic analysis of the crude product revealed the formation of a 
single product diastereomeL. The oil was. adsorhed. onto .. silica. and. purified by. flash. c.oIumn 
chromatography on silica gel using ethyl acetatellight petroleum mixtures as eluent to afford 
the target compound asayeJlow oil(Q_L7g..89%). 
Using CsF and bromochloromethane: 
Bromochloromethane (024m!,.3.7mmoll- was. added to. a. stirred solution of cesium flouride 
(2.28g, 15mmol) and (3S, 9bR)-3-[(3,4-di{[I-(1,I-dimethylethyl)-I,I-
dimethylsilyl)oxy} phenyl)methy1}6,7 -di(methOX}'}c 2,.3,5 ,9b.-tctrahydroLI,3 )oxazol0L2r3-
a)isoindol-5-one (659) (0.86g, 1.5mmol) in anhydrous DMF (ISm!) under a nitrogen 
atmosphere. The mixture was heated at 1100 e for 3 hount Up-on cooling,.. the mixture. was 
diluted with DCM and filtered. The filtrate, along with DCM washings of the residue, were 
washed with water (6x50ml)... dried. (MgS.0<&}. and. the. s.olvent removed. by e.vap.o.ratioll. ~er 
reduced pressure. The residue was purified by flash column chromatography on silica gel 
using ethyl acetatellight petroleum mixtures as eluent to afford the tar~et comp-ound a~ a , 
viscous yellow oil (0.41g, 74%). 
Mpt 106-109°C (ethyl acetatelhexanes); [a) i1 +7.S (c 2.0, CllCh); Vmax (fiIm)fcm-1 2933 (Sp3 
CH), 2847 (ArOCH3), 1714 (CO)...1494 (ArHt.all-(400~CDChLTMS)..2..86 (lH,..dd, J 
7.6, 14.0, -CH(H)Ph), 3.06 (lH, dd, J 5.6, 14.0, -CH(H)Ph), 3.89 (3H, s, -OCH3), 3.39 (lH, 
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dd, J 6.4, 8.8, -OCH(H)~.4_08 (3H..s,..-OCH3),..429 (lH~dd,..J 6_8,.8_8~-OCH(H»,..438-4.46 
(IH, m, -OCH2CHCH2Ph), 5.66 (lH, s, PhthH), 5.94 (2H, s, -OCH20-), 6.70-6.78 (3H, m, 
ArIf), 7.10 (lH, d, J8.0,.Ar~ 7.19 OH,.d,.J 8.0,.ArH)~oc-(100MHz~CDChrrMS).39.8, 
56.2,57.0,62.7,75.0,90.4, 101.4, 108.7, 110.2, 117.3, 119.3, 122.8, 124.8, 131.0, 135.6, 
146.8, 147.9, 148.1, 154.6, 172.2; mlz (El) 369 (M+, 41%), 234 (100) (Found: M+, 
369.12115. C20HI9N06 Requires M', 369.12124). 
(68, . 12bR)-6-(Hydroxymeth),I):-9,lO-di(methox),):-5,6,8,12b-tetrah),dro(l,31dioxolo~,5-
gJisoindolo[l,2-aJisoquinoline-8-one (657) 
o 
.. ~-OH 
.---
(65-7)-
(3S, 9bR)-3-(1,3-Benzodioxol-5-yl methyl)-6, 7 -di(methoxy)2,3 ,5,9b-
tetrahydro[I,3]oxazolo[2,.3-aJisoindol-5-one (656). (0.4~ 1.1mmol). was dissolved in 
anhydrous DCM (50ml) under a nitrogen atmosphere. The resulting yellow solution was 
cooled to -10°C and TMSOTf(0.30ml,.1.6mmol).wasadded by s.}ring.e. After stirring.atthis 
temperature for 15 minutes, the red solution was allowed to warm to room temperature and 
stirred for a further 20 hours_ The.reaction.wa8-queru;helil1y additio.Qofsaturated.ammoni~m 
chloride solution (50ml). The aqueous layer was separated and extracted with DCM 
(3x30mJ). The combined organic layers were dried (MgS04l- and the solvent removed by 
evaporation under reduced pressure to yield a yellow/orange oil. 250MHz IH NMR 
spectroscopic analysis of the crude product mixture revealed the formation of a single 
product diastereoisomer. The oil was purified by flash column chromatography on silica gel 
using DCMlmethanol (9: 1). mixtures. as. elu.ent to afib(d the. targct. co1I!p.ound as.- a red. oil 
(0.30g, 80%), a portion of which was recrystallised from CHChlhexanes to yield white 
crystals. Mpt 186-189°C; [a.]i,' -53.4 (c 1.2, CHCh); Vmax (film)/cm-I 3407 (OH), 2918 (Sp3 
CH), 2849 (ArOCH3), 1674 (CO). 1497 (Ar~olL(400MHz~CDCI3iTMS).2.81 (JH,.dd,.J 
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11.6, 14.4, -CH(H)Ph).3.00 (lH~dd.-J 5.0~15~-CH(H)Ph>"-H6-3.98 (2H~m~-C1hDH), 
3.94 (m, s, -DCH3), 4.05 (m, s, -DCH3), 4.13-4.25 (lH, m, -DCHzCHCHzPh), 4.44 (lH, br 
s, -.oH), 5.35 (lH, s, Pht~5.89 (lH~d,..J1.6~-DCH(H).o->,,-5.95 (lH~d,..J 1.2~-DCHQI)D­
), 6.78 (lH, s, PuH), 6.84 (lH, s, PuH), 7.23 (lH, dd, J 1.6, 8.0, ArH), 7.38 (lH, d, J 8.4, 
ArH); oc (lOOMHz; CDChLJ'MS.PL5.~ 54.4~57 .l.-58.0~62..9~67 .4~ 1OL5.~ lQ53~ 109.1, 
116.9, 119.8, 122.6, 125.1, 139.2, 140.0, 146.8, 147.5, 148.1, 153.3, 168.8; m/z (El) 369 (M" 
73%),338 (lOO) (Found: W, 369.12166. CZOH19ND6 Requires W, 369.12124). 
(6S, 12bR)-9,10-Di(methoxy)-8-oxo-5,6,8,12b-tetrahydroll,;31dioxoloL4.5-g)jsoindolo[j,2-
a] isoq uinoline-6-carbaldehyde (661) 
OCH3 0 
H3CO 
(661)-
To a stirred solution of Dess-Martin periodinane (0.30g, 0.8mmol) in anhydrous DCM 
(30m!) under a nitrogen atmosphere.. was.. added_ (6S~ 12bR)-6-(h.yclroxyme.tI1yJ},9 ~ 0-
die methoxy)-5,6,8, 12b-tetrahydro[ 1 ,3]dioxolo[ 4 ,5-g ]isoindolo[ 1 ,2-a ]isoquinoline-8-one 
(657) (!.lOg, 4.8mmol) in anhydrous DCM (30m!)dropwise by syringe at room temperature. 
The resulting orange/red suspension was allowed to stir for a further 20 hours. The solvent 
was removed from the suspension by evaporation under reduced pressure. 250MHz lH NMR 
spectroscopic analysis of the crude product revealed the formation of a 9: 1 product e.pimer 
mixture. The residue was purified by flash column chromatography on silica gel using ethyl 
acetate as eluent to afford the target compound as a red oil (0.25g., 85%}~ which was used 
without further purification. Vmax (film)/cm-l 2936 (Sp3 CH), 2839 (ArDCH3), 1726 (CHD), 
1688 (CD), 1498 (ArH);olL(250MHz;,.CDChLJ'MS)3,07 OH~dd,..J6.7~15.7~-CH(H)Ph), 
3.15 (lH, dd, J 5.1,14.6, -CH(H)Ph), 3.93 (3H, S, -DCH3), 4.07 (3H, s, -DCH3), 4.87 (lH, t, 
J6.7" -CHCHD), 5.56 (UI>Jl>J~~5.90 (1a..~-QCH(H).Q->"-i.95 (1R~-QCH(H).Q-), 
6.71 (1H, s, ArH), 6.95 (lH, s, ArH), 7.22 (1H, d,J8.3, ArH), 7.44 (lH, d,J8.3, ArH), 9.84 
OH, s>-CHD); (le (100MHz;,.CDCbLJ'MS)28.7,..57.2,..57.3~57.9~62.9~101.6~1053~109.4, 
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117.3, 119.3, 124.5, 126.3~ 127 9~n7.6~ 147.3~147 5~14U~153.3.~16H~1993~mlz (EI) 
367 (M+' 54%), 338 (100) (Found: M'", 367.10615. C2oH17N06 Requires M'", 367.10559). 
(12bR)-9,10-Di(methoxy)-5,6,8,12b-tetrahydroLl,31dioxoloL4,5-g)jsoindololl,2-
a)isoquinoline-8-one (601) 
o 
(601) 
[Bis(triphenylphosphine)]rhodium (1) carbonyl chloride (0.019g, 0.03mmol) was added to 
anhydrous p-xylene (2m1~ under a nitrogen atmosphere. The. mixture. was stirred at 80°C until 
the rhodium dissolved. After 15 minutes at 80°C, 1,3-bis(diphenylphosphino)propane 
(0.034g, 0.08mmol) was adde~andthe.mixture.heatedat80°C for afurther3Q minute.sllIltil 
the formation ofa granular yellow precipitate was seen. (6S, 12bR)-9,IO-di(methoxy)-8-oxo-
5,6,8, 12b-tetrahydro[ 1 ,3ldioxoloL4 ,.5-g]isoindolo[l J-a ]isO<jJ.)inoline-6-carbaldehyde (661) 
(0.2g, 0.6mmol) was added as a solution in anhydrous p-xylene (10ml) and the mixture 
heated under reflux for 48 hours. After removal of the. solvent by evaporation under reduced 
pressure, the product was separated from the crude reaction mixture by flash column 
chromatography on silica gel usin~ ethyl acetateLlight petroleum (I :9~milct.ures. as.. eluent. to 
afford the target compound as a yellow oil (0.005g, 3%). [a];',' -11.4 (c 0.14, CHCh); Vmax 
(film)/cm-l 2927 (Sp3 CH), 2841 (ArOCR3), 1690 (CO), 1491 (ArH); OH (250MHz; 
CDChITMS) 2.70-2.82 (1H,1I1,.. -NCH2.CH(H)Ph),..2. 91-3. 06 (l~II1,..-NCH2...CH(lI).Ph)J31-
3.47 (lH, m, -NCH(H)CH2Ph), 3.91 (3H, S, -OCH3), 4.08 (3H, S, -OCH3), 4.26-4.39 (lH, m, 
-NCH(H)CH2Ph), 5.46 (lH~s,.PhthH),..590 OH~s,.-OCH(lI).O-)..5.96 (l~s,.-OCH(lI).O-), 
6.65 (1H, s, ArH), 7.04 (IH, s, ArH), 7.14 (1H, d, J 8.3, ArH), 7.43 (1H, d, J 8.1, ArH); mlz 
(El) 339 (M", 22%), 57 (100) (Found: M\ 339.11110. CI9H17NOs Requires M'", 339.11067). 
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1.2, 7.2, AIH), 7.57 (UI, dt, J 0.8, 7.6, AIH),7.86 (UI,dt,J 1.2,7.2,AIH)~ SdlOOMHz; 
CDCh/TMS) 14.3,25.0,34.2,61.9,74.5,122.7, 124.l, 125.8, 127.2, 126.7 (2e), 129.9 (2C), 
129.0,129.8,133.3,133.7,136.5,149.1,163.8,167.3; mlz (El) 367 (M', <1%), 322 (2), 290 
(2),244 (100),198 (33),170 (65),147 (27),129 (18),104 (45), 91 (56), 76 (36) (Found: M+, 
367.l2471. Cz1Hz1N03S requires M', 367.l2422). 
Ethyl 2-[I-methyl-3-oxo-l-(pro(L-2-enylthio ).-2,3-dihydro-lH-isoindol-2-yl!pro!>'"2-
enoate (385c) 
Ethyl (3R, 9bS)-9b-meth)fI-5-oxo-2,3,5,9b-tetrahydroD,3}thiazolo[2,3-a]isoindol-3-
carboxylate (318t) (1.0g, 3.6rnmol) was dissolved in anhydrous THF (20ml) under a nitrogen 
atmosphere. The resulting, )fellow solution was cooled to -78°C and LHMDS (3.75m1, 
4rnmol of a 1. 06M solution in hexane) was added by syringe. After stirring at this 
temperature for 30 minutes,DMPU (0.48ml,4mmol)..was added. After a further 20 minutes 
at -78'C, allyl bromide (0.34ml, 4rnmol) was added and the orange solution was allowed to 
warm to room temperature and stirred for a further 20 hours. The reaction was q.uenched by 
addition of saturated ammonium chloride solution (20ml). The aqueous layer was separated 
and extracted with DCM (3x30ml).. The combined organic layers were removed by 
evaporation under reduced pressure and the residue was redissolved in diethyl ether (40ml), 
washed with water (3x40ml), dried (MgS04.l, and the solvent removed by evaporation under 
reduced pressure to yield a yellow/orange oil. The residue was purified by flash column 
chromatography on silica gel using, diethyl ether!lig,ht petroleum mixtures as eluent to afford 
the target compound as an orange oil (0.29g, 25%). [u] ~ -9.70 (c 3.70, CHCh); Vmax 
(film)/cm'! 2978 (Sp3 CH), 1735 (COOCHzCH3), 1701 (CO), 1612, 1637 (C=CHz), 1467 
(AIH), 909 (-SCHzCH=CH~S1L(400MHz~ CDChfTMS) 1.28 (3H, tj 7.2, -COOCH2-CH3), 
1.79 (3H, s, PhthCH3), 2.53 (UI, dd, J 7.2, 13.1, -SCH(H)CH=CHz), 2.77 (1H, dd, J 7.2, 
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13.1, -SCH(H)CH=CH2)~4.17-4.34 (2H~ m~ -CDDCH2..CH:l)~ 4.82 (1H~dd~ J 1.3, 7.6, 
SCHzCH=CH(H), 4.85 (1H, d, J 0.9, SCH2CH=CH(H», 5.38-5.55 (lH, tu, SCHzCH=CHz), 
6.22 (lH, s, -NC=CH(H))~6.53 (lH~s~-NC=CH(H»J48 (JH~dtj 1.6>7.6~ArH)J60 
(lH, dt, J 0.8, 7.6, ArH), 7.65 (lH, dt, J 1.2, 7.2, ArH), 7.84 (IH, dt, J 0.8, 7.6, ArH); lie 
(lOOMHz; CDChffMS)J4.4~25.0>33.0> 62.0~74.2>J 18.0, 122.9,124.1~125.8,J29.5, 130.1, 
132.7,133.8,137.8,149.5,163.9, 167.4; mlz (El) 317 (M'", 11%),272(9),260(21),244(81), 
198 (45), 170 (100), 158 (29), 146 (53),129 (20), 103 (19),91 (11), 57 (21) (Found: M+, 
317.10869. CJ7H19ND3S requires M\ 317.10857). 
Ethyl 
(385d) 
2-( 1-( ethylthio)" I_methyl_3_oxo_2,3_dihydro_1H_isoindol_2_y1lProp_2_enoate 
Ethyl (3R, 9bS)_9b_methyl_5_oxo_2,3,5,9b_tetrahydroD,.3]thiazolo[Z,3-alisoindol-3-
carboxylate (318t) (LOg, 3.6mmol) was dissolved in anhydrous THF (20ml) under a nitrogen 
atmosphere. The resulting yellow solution was cooled to _78°C and LHMDS (3.75ml, 
4mmol of a 1. 06M solution in hexane) was added by syringe. After stirring at this 
temperature for 30 minutes, DMPU (0.48ml,4mmol).was added. After a further 20 minutes 
at -78'C, ethyl iodide (0.32m1, 4mmol) was added and the orange solution was allowed to 
warm to room temperature and stirred for a further 20 hours. The reaction was quenched by 
addition of saturated ammonium chloride solution (20ml). The aqueous layer was separated 
and extracted with DCM (3x30ml). The combined organic layers were removed by 
evaporation under reduced pressure and the residue was redissolved in diethyl ether (40ml), 
washed with water (3x40ml~dried (MgSO~~and the solvent removed by evaporation under 
reduced pressure to yield a yellow/orange oil. The residue was purified by flash column 
chromatography on silica gel using diethyl etherllight lletroleum mixtures as eluent to afford 
the target compound as a yellow oil (0.17g, 15%). [a]i,' -24.3 (c 2.0, CHCh); Vmax (film)/cm-
1 2930 (Sp3 CH), 1732 (CDDCH2CH3), 1711 (CD), 1614, 1635 (C=CHz), 1469 (ArH); OH 
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(400MHz; CDCh/TMS} 0.91 (3H~tj7.6~-SCH2rH~1.29 (3H~tj7.2~-COOCH2CH~), 
1.77 (3H, s, PhthCH3), 1.74-1.80 (lH, m, -SCH(H)CH3), 2.11-2.17 (lH, m, -SCH(H)CH3), 
4.21-4.31 (2H, m, -COOCH:zCH~6.18 (1Rs~-NC=CHan}~6.52 (lH,s~-NC=CH(H), 
7.47 (1H, dt, J 1.2, 7.6, ArH), 7.59 (lH, dt, J 0.8, 7.6, ArH), 7.65 (lH, dt, J 1.2, 7.6, ArH), 
7.84 (1H, dt, J 0.8, 7.6~ArH};Jlc-(lOOMHz~CDChLTMS} 13.4~ 14.4~23.4~23.5~61.9, 74.3, 
123.7, 124.2, 125.6, 128.9, 130.0, 133.3, 133.8, 149.8, 164.0, 168.9; mlz (El) 305 (M+, <1%), 
290 (8), 244 (100),198 (42),170 (89),146 (7),129 (20),103 (13), 91 (7),77 (9) (Found:~, 
305.10886. C16H19N03S requires~, 305.10857). 
Ethyl 
(385e) 
2-[ I-methyl-3-oxo-l-(Jlrop),Ithio }-2,3-dih)'dro-lH-isoindol-2-)'IJprop-2-enoate 
Ethyl (3R, 9bS):-9b-methyl-5-oxo-2,3,5,9b-tetrahydroCl,31thiazoloC2,3-alisoindol-3-
carboxylate (318t) (l.Og, 3.6mmol) was dissolved in anhydrous THF (20ml) under a nitrogen 
atmosphere. The resultin~ yellow solution was cooled tQ -78°C and LHMDS (3.75ml, 
4mmol of a 1.06M solution in hexane) was added by syringe. After stirring at this 
temperature for 30 minutes, DMPU (0.48ml~ 4mmol} was added. After a further 20 minutes 
at -78·C, I-bromopropane (0.36ml, 4mmol) was added and the orange solution was allowed 
to warm to room temperature and stirred for a further 20 hours. The reaction was quenched 
by addition of saturated ammonium chloride solution (20ml). The aqueous layer was 
separated and extracted.with DCM (3x30ml),The combined organic layers were removed by 
evaporation under reduced pressure and the residue was redissolved in diethyl ether (40ml), 
washed with water (3x40ml)~dried (MgS04~and the solvent removed by evaporation under 
reduced pressure to yield a yellow/orange oil. The residue was purified by flash column 
chromatography on silica gel usin~ diethyl etherlli~ht petroleum mixtures as eluent to afford 
the target compound as a yellow oil (0.12g, 10%). [ali,' -16.0 (c 0.10, CHCh); Vmax 
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(film)/cm-I 2931 (Spl CH), 1733 (COOCHzCH1), 1709 (CO), 1613, 1636 (C=CHz), 1468 
(ArH); OH (400MHz; CDCh~ITMS)O.77 (3H~tJ7.2,-SCH2-CHz.cHl1-1.19-1.33 (2H,~m,­
SCHzCHzCfu), 1.29 (3H, t, J 7.2, -COOCHzCH1), 1.72-1.78 (IH, m, -SCH(H)CHlCH1), 
1.77 (3H, s, PhthCH1), 2.06-2.12 (lH, m~ -SCH(H).cH2-CH~ 4.21-4.31 (2K m, -
COOCHzCH1), 6.20 (\H, s, -NC=CH(H), 6.51 (lH, s, -NC=CH(H», 7.47 (1H, dt, J 1.2,7.6, 
ArH), 7.59 (Ill, dt, J 0.8, 8.0>Ar~ 7.65 (lH,dtj 1.2, 7.2~Ar~7.S4 (lH,dtj O.S, 7.6, 
ArH); Cc (IOOMHz; CDCh/TMS) 13.9, 14.5, 21.S, 25.0, 31.4, 62.0, 74.1, 122.6, 124.2, 
125.5, 129.1, 130.0, 133.3, 133.S, 149.9,164.0,167.5. 
3.5 Synthesis of Tricyclic Thiazoloisoindolinone Sulfoxides 
3-[(Ethyloxy)carbon),Il=9b-meth),!-5-oxO-2,3,5,9b-tetrahydroll,3lthiazolol2,3-aJj!ioindol-
l-ium-l-01ate (420) 
(420) 
To a stirring solution of ethyl (3R,.. 
tetrahydro[I,3]thiazolo[2,3-a]isoindol-3-carboxylate (318t) 
9bS)-9b-methyl-5-oxo-2,3,5,9b-
(1.0g, 3.6mmol) in methariol 
(50ml) was added sodium (meta)I1eriodate (0.77g.~3.6mmol)in water (ca. Sm1,JOml water 
per gram of periodate) over 0.5 hours at O°C. The mixture was allowed to warm to room 
temperature and stirred for a further 16 hours. The white precipitate was removed by 
filtration and the residue washed with additional DCM. The combined filtrates were removed 
by evaporation under reduced pressure to half the original volume and partitioned between 
water and DCM. The aqueous layer was extracted with DCM (3x30ml). The combined 
organic layers were dried (MgSO~ and the solvent removed by evaporation under reduced 
pressure. 250MHz IH NMR spectroscopic analysis of the crude product mixture revealed the 
formation of a 9: I mixture of prQduct diaslereoisomers. The yellow/orange residue was 
adsorbed onto silica and purified by flash column chromatography on silica gel using ethyl 
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acetatellight petroleum mixtures as eluent to afford the target compounds as a white solid 
(major) and a yellow oil (minor) (1.57g, 70%). 
Major isomer: Mp 152-155°C (ethyl acetate!hexanes)~(Found: C,56.98~H~5.00~N>4.68%. 
ClJilSN04S requires C, 57.34; H, 5.12; N, 4.78%); [a]~ -15601° (c 1.12, CHCh); V~ax 
(film)/cm-I 2976 (Spl CH), 1744 (COOCH2CH1), 1709 (CO), 1468 (ArH), 1056 (S-O); liH 
(400MHz; CDChrrMS) 1.31 (3H~tj 6.8~ -COOCHzCHJ.)..l. 83 (3H~s~PhthCH3.),3 .62 (lH, 
dd, J 8.4, 14.8, -SCH(H), 3.80 (lH, dd, J 8.8, 14.8, -SCH(H», 4.23-4.31 (2H, m, -
COOCH1CH1), 5.38 (lH>tJ8.8>-NCH(COOCH1.-CH1)}~7.54-7.58 (2H>m~ArH)~7.66 (lH, 
dt, J 1.2, 7.6, ArH), 7.84 (lH, dd, J 0.8,7.6, ArH); lie (100MHz; CDChrrMS) 14.3, 18.8, 
55.0,57.3,62.6,91.7, 122.8,124.3, 130_7~ 132.7, 133.5,140.3,.170.4, 171.0~m/z (El) 293 
, 
(M+, 57%), 276 (8), 220 (8), 202 (46),185 (31),172 (100),157 (14),146 (33),130 (20),103 
(29),91 (9),77 (18), 51 (5) (Found: M'", 293.07213. ClJilSN04S requires 293.07218). 
Minor isomer: Mp ISO-153°C (ethyl acetateihexanes); [a]~ -139.7° (c 1.1, CHCh); Vmax 
(film)/cm-I 2985 (Spl CH), 1744 (COOCH1CH1), 1716 (CO), 1470 (ArH), 1050 (S-O); liH 
(400MHz; CDChfrMS)1.31 (3H~tJ 7.2, -COOCHz.CHJ.)..1.95 (3H,APhthCH1)J49 (lH, 
dd, J 8.1, 13.2, -SCH(H», 4.28 (lH, dd, J 9.1, 13.2, -SCH(H), 4.27-4.36 (2H, m, -
COOCH1CH1), 5.00 (lH~ddj 8.1S4~-NCH(COOCHz.CHJ})~ 7.55-7.64 (2H~~ArH» 7; 70 
, 
(lH, dt, J 1.2, 7.6, ArH), 7.81 (lH, dd, J 0.8, 7.6, ArH); lie (100MHz; CDCh/TMS) 14.5, 
15.4, 51.3, 57.4, 63.0, 82.9,123.0,125.1,128.9,130.8,134.1,144.9, 167.4, 169.4~m/z (El) 
293 ~, 73%), 172 (100) (Found: M'", 293.07243. C1JilsN04S requires M'", 293.07218). 
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9b-Methyl-5-oxo-2,3,5,9b-tetrahydro [l,3Jjhiazolo[2,3-a Jisoindol-l-ium-l-olate (423) 
(423) 
To a stirring solution of 9b-methyl-2,3,5,9b-tetrahydro[l,31thiazolo[2,3-aJisoindol-5-one 
(318b) (1.0g, 4.9mmol) in methanol (50ml) was added sodium (meta)periodate (1.04g, 
4.9mrnol) in water (ca. 1Om!). over 0.5 hours at ooe. The. mixture was allowed to warm to 
room temperature and stirred for a further 16 hours. The white precipitate was removed by 
filtration and the residue washed with additional DCM. The combined filtrates were removed 
by evaporation under reduced pressure to half the original volume and partitioned between 
water and DCM. The a~ueous la)'er was extracted with DCM (3x30ml). The combined 
organic layers were dried (MgS04) and the solvent removed by evaporation under reduced 
pressure. 250MHz lH NMR spectroscopic analysis of the crude product mixture revealed the 
formation of a single product diastereoisomer. The orange residue was adsorbed onto silica 
and purified by flash column chromatography on silica gel using ethyl acetatellight petroleum 
mixtures as eluent to afford the target compound as a )'ellow solid (0.46g~43%). Mp 106-
108°C (ethyl acetatelhexanes); [al~ +5.23° (c 1.3, CHCh); Vmax (film)/cm-1 2934 (Sp3 CH), 
1696 (CO), 1470 (ArH)..-1048 (S-O"t-olL(400MHz;XDCh/TMS} 1.76 (3H,.-s..-PhthCH?), 
3.38-3.51 (2H, m, -SCH2CH2N-), 3.58-3.65 (lH, m, -SCH2CH(H)N-), 4.61-4.68 (lH, m, -
SCH2CH(H)N-), 7.53-7.57 (2H>-m,Arm.-7.63 (lH>-dtJO.8,8.0..-ArB)~7.83 (lH,ddJ 1.2, 
6.8, ArB); oc (100MHz; CDCh/TMS) 18.4, 39.7, 54.9, 91.0, 122,8, 124,2, 130.7, 133.2, 
133.7, 140.4, 171.1; mlz (El) 221 (M+, 100%) (Found:~, 221.05146. C l1H l1N02S requires 
221. 05105). 
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9b-Ethyl-5-oxo-2,3,5,9b-tetrahydro (l,3jthiazoloL2,J-a }.isoindol-l-ium-l-olate (424) 
(424) 
To a stirring solution of 9b_ethyl_2,3,5,9b_tetrahydro[I,3jthiazolo[2,3-ajisoindol-5-0ne 
(318e) (0.36g, 1.6mmol~ in methanol (50ml) was added sodium (meta)periodate (0.35g, 
1.6mmol) in water (ca. 4m1) over 0.5 hours at O°C. The mixture was allowed to warm to 
room temperature and stirred for a further 16 hours. The white precipitate was removed by 
filtration and the residue washed with additional DCM. The combined filtrates were removed 
by evaporation under reduced pressure to half the original volume and partitioned between 
water and DCM. The aqueous layer was extracted with DCM (3x30ml). The combined 
organic layers were dried (MgS041 and the solvent removed by evaporation under reduced 
pressure. 250MHz IH NMR spectroscopic analysis of the crude product mixture revealed the 
formation of a single product diastereoisomer. The orange residue wn adsorbed onto silica 
and purified by flash column chromatography on silica gel using ethyl acetatellight petroleum 
mixtures as eluent to afford the target compound as a yellow oil (O.13g, 35%). [a.ji,' +58.2° 
(c 1.23, CHCh); Vmax (film)!cm-I 2935 (Sp3 CH), 1704 (CO), 1467 (ArH), 1058 (S-O); OH 
(250MHz; CDChITMS) 0.82 (3H~ t~ J 7.3~ PhthCHzCH3) .. 1.64-1.79 (lH,.)Il, 
PhthCH(H)CH3), 2.27-2.42 (lH, m, PhthCH(H)CH3), 3.38-3.47 (2H, m, -SCH2CH2N-), 3.37-
3.57 (lH, m, -SCH2CH(H)N-)~4.60-4.65 (lH~m~ -SCH2..CH(H)N-~ 7.54 (lH~d,J7.6, ArH), 
7.56 (IH, dt, J 1.2, 7.6, ArR), 7.65 (lH, dt, J 1.2, 7.6, ArR), 7.84 (lH, d, J 7.6, ArH); Oc 
(lOOMHz; CDChITMS) 8.2,24.2~39.8,55.5,95.9, 122.8,124.5,130.8,.133.2,134.6,138.5, 
171.5; m/z (El) 235 (M+, 6%), 57 (lOO) (Found: M", 235.06719. CI~I3N02S requires 
235.06870). 
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3-[ (Ethyloxy )carbon)'11= 7 a-meth)'I-5-oxoperh)'droro'rollo ~,I-b lU,3Uhiazol-l-ium-l-
olate (432) 
(432) 
To a stirring solution of ethyl (3S~ 7aR}7a-methyl-5-oxo-llerhydropyrollo[2J-bJU,3]thiazol-
3-carboxylate (331) (2.0g, 8.7nunol) in methanol (50ml) was added sodium (meta)periodate 
(1.87g, 8.7nunol) in water (ca. 19m1>- over 0.5 hours at O°C. The mixtur~ was allowed to 
warm to room temperature and stirred for a further 16 hours. The white precipitate was 
removed by filtration and the residue washed with additional DCM. The combined filtrates 
were removed by evaporation under reduced pressure to half the original volume and 
partitioned between water and DCM. The aqueous layer was extracted with DCM (3x30ml). 
The combined organic layers were dried (MgS04) and the solvent removed by evaporation 
under reduced pressure. 250MHz IH NMR spectroscopic analysis of the crude product 
mixture revealed the formation of a single llroducL diastereois.omer .. The orange. residue. was 
adsorbed onto silica and purified by flash column chromatography on silica gel using ethyl 
acetatellight petroleum mixtures as. eluent to' afford the targe.t c,Qmpound as. a yellow oil 
(0.92g, 43%). [aJ ~ -83.JO (c 11.2, CHCh); vma• (film)/cm-1 2982 (Sp3 CH), 1738 
(COOCH2CH3), 1682 (CO}~1052 (S-O}~OIL(400MHz~CDChLTMS>-1.31 (3H~tj7.2,­
COOCH2CH3), 1.45 (3H, s, PhthCH3), 2.10-2.17 (lH, m, -NCOCH(H)CHzCCH3), 2.60-2.70 
(lH, m, -NCOCH(H)CH2..CCHJ),.. 2. 73-2.82 (2H~m, -NCOCH2..CH2..CCHJ),.. 3.41 OR ddJ 
7.6,14.8, -SCH(H», 3.48 (lH, dd, J8.8, 14.8, -SCH(H», 4.21-4.29 (2H, m, -COOCH2CH3), 
5.32 OH, dd, J 7.6, 8.4~ -NCH(COOCHzCHJ));.oc.(lOOMHz~CDChLTMS>-J45~2.4~25!6, 
32.3,52.9,54.1,62.8,90.4,170.6,177.6; mlz (El) 245 (M+, 68%), 228 (17),196 (11), 172 
(9), 154 (34), 137 (23), 124 (100), 98 (25), 82 (18), 69 (9), 55 (11),42 (11) (Found: M+, 
245.07180. ClQH15N04S requires 245.07218). 
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3.6 Ring Expansion Reactions of Tricyclic Thiazoloisoindolinone Sulfoxides 
(4R)-Ethyl-6-oxo-3,4-dihydro-6H-Ll,41thiazino[3.4-aJjsoindole-4-carboxylate (427) 
o 
(427) 
Using TFAA as activator: 
3-[ (Ethyloxy )carbonyl]':9b-methyl-5-oxo-2,3 ~5 ,9b-tetrahydro[l,3 ]1hiazo 10 [2,3-a ]isoindol-l-
ium-I-olate (420) (0.53g, 1.8mmol) was dissolved in anhydrous THF (50ml) under a 
nitrogen atmosphere. The resultin~ yellow solution was. cooled to -78°e and TFAA 
(0.5Iml, 3.6mmol) was added by syringe. After stirring at this temperature for 2 hours, the 
orange solution was allowed to warm to room temperature and stirred for a further 20 hours. 
Water (IOml) was added and stirring continued for 2 hours. The aqueous layer was 
separated and extracted with DCM (3x30ml)... The combined organic. layers wer~ dried 
(MgS04) and the solvent removed by evaporation under reduced pressure to yield a 
yellow/orange oil. The oil was purified by flash column chromatography on silica gel using 
ethyl acetate/light petroleum mixtures as eluent to afford the target compound as a yellow 
solid (0.28g, 55%). 
Usingp-TsOH as activator: 
To a stirring mixture of 3-[(ethyloxylcarbonyl].:9b-methyl-5-oxo-2,3,5,9b-
tetrahydro[1,3]thiazolo[2,3-a]isoindol-l-ium-l-olate (420) (0.53g, 1.8mmol) in xylenes 
(40ml, mixture ofisomersl was addedp-TsQH (0.034g,..0.2mmol). This mixture was heated 
under reflux for 24 hours. Excess xylene was removed by evaporation under reduced 
pressure and the red brown residue was purified by flash column chromatography on silica 
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gel using ethyl acetatellight petroleum mixtures as eluent t.o aff.ord the target c.omp.ound as a 
yellow solid (0.036g, 71%). 
Mp 114-116°C (ethyl acetate/hexanes)~(Jlound: C,.60.49~H,. 4.56;.N,. 4.91%. CL4RuN03S 
requires C, 61.09; H, 4.73; N, 5.09%); [a];; -105.5° (c 0.22, CHCh); Vrnax (film)/cm-l 2937 
(Sp3 CH), 1751 (COOCH2CH3), 1694 (CO), 1616 (C=C), 1474 (ArH); OH (400MHz; 
CDChITMS) 1.24 (3H, t,J 6.8,.-COOCHZ-CHJ.),..3.27 (lH,.dd,J 3.6,.13.2,.-SCH(H),.3.47-
3.52 (lH, m, -SCH(H), 4.21 (2H, q, J 6.8, -COOCH2CH3), 5.51 (lH, t, J 3.6, -
NCH(COOCH2CH3», 6.25 (lH,dj 1.6,.-C=CHS),. 7.41 (lH,.dtj 1.2, 7.2,ArH>.-7.52 (lH, 
dt, J 0.8, 7.2, ArH), 7.55 (1H, dt, J 1.2, 7.6, ArH), 7.82 (lH, dd, J 1.2, 7.6, ArH); Cc 
(IOOMHz; CDChITMS) 14.3,. 28.1,. 50.9,. 62.4,. 99.2,. 119.3, 123.6,. 127.5,.128.7,.130.4, 
130.3,135.1,166.0,167.9; m/z (El) 275 (M" 49%), 262 (10), 202 (89), 149 (14),84 (100), 
69 (13),47 (13) (Found: M" 275.06173. C14H13N03S requires 275.06162). 
3,4-Dihydro-6H-[1,4]thiazino[3,4-a]isoindoJe-6-one (428)116 
~) 
s 
(428) 
Using TMSOTf as activator: 
9b-Methyl-5-oxo-2,3,5,9b-tetrahydro[l,31thiazolol2,3-a Jis.oind.ol-l-ium-l-olate (423) (0.34g, 
1.5mm.ol) was dissolved in anhydrous THF (50ml) under a nitrogen atmosphere. The 
resulting yell.ow soluti.on was co.oled to -78°C and TMSOTf (0.31m1, 1. 7mmol) was added 
by syringe. After stirring at this temperature for 2 hours, the orange s.olution was allowed to 
warm to room temperature and stirred f.or a further 20 h.ours_ Water (1 Oml). was added and 
stirring continued for 2 hours. The aqueous layer was separated and extracted with DCM 
(3x30ml). The combined .organic. layers were. dried (MgSO~ and the. solvent removed by 
evaporati.on under reduced pressure to yield a yellow/orange oil. The oil was purified by flash 
ExoerimentaL 
column chromatography on silica gel using ethyl a~etatel1ight petroleum mixture£ ait eluent to 
afford the target compound as a yellow/orange solid (0.056g, 18%). 
Using TFAA as activator: 
9b-Methyl-5-oxo-2,3,5,9h-tetrahydro~1,3]1hiazolo[2,3-a }isoindol- I -ium- I -olate. (423) (0.60g, 
, 
2.7mmol) was dissolved in anhydrous THF (50ml) under a nitrogen atmosphere. The 
resulting yellow solution was cooled to -78°C and TFAA (0.77m1,5.5mmol)was added by 
syringe. After stirring at this temperature for 2 hours, the orange solution was allowed to 
warm to room temperature and stirred for a.further 20 ho.urs. Water (lOml).Waltaddeda.nd 
stirring continued for 2 hours. The aqueous layer was separated and extracted with DCM 
(3x30ml). The combined organic layers were dried (MgS04).and the solvent removed by 
evaporation under reduced pressure to yield a yellow/orange oil. The oil was purified by flash 
column chromatography on silica gel using ethyl acetatellight petroleum mixtures as eluent to 
afford the target compound as a yellow solid (0.32g, 58%). 
Usingp-TsOll as activatllr: 
To a mixture of 9b-methyl-5-oxo-2,3,5,9b-tetrahydroll ))thiazolo[2,.3-a lisoindol-l-ium-l-
olate (423) (0.60g, 2.7mmol) in xylenes (40ml, mixture of isomers) was added p-TsOB 
(0.052g, O.3mmol). This mixture was heated under reflux for 24 hours. Excess xylene was 
removed by evaporation under reduced pressure and the red brown residue was purified by 
flash column chromatography on silica gel using. eth)'1 acetatel1ight petroleum mixtures as 
eluent to afford the target compound as a yellow/orange solid (0.42g, 75%). 
Mp 98-100°C (ethyl acetate/hexanes); Vmax (film)/cm-l 2929 (Sp3 CH), 1693 (CO), 1621 
(C=C), 1475 (ArB); olL(250MHz~CDChfTMS)3.12-3.16 (2B,m,-SCHz.CH:zN-),4.15-4J9 
(2H, m, -SCH2CH2N-), 6.30 (1H, d, J 1.6, -C=CHS), 7.43 (1H, dt, J 1.2, 7.6, ArH), 7.51-
7.59 (2B, m, ArH), 7.83 (IH>dt,J 0.9> 7.5>Ar~oc.(100MHz~CDChLTMS).26.3>39.5, 
100.0, 118.9, 123.3, 128.0, 128.5, 130.9, 131.9, 134.9, 165.8; mlz (El) 203 (M+, 100%) 
(Found: M\ 203.04066. CIlH9NOS requires 203.04049). 
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Compound (428) has also been accessed via a different route by Griesbeck et. al. 116 in <3% 
yield during their investigations into the. photochemistry of phthaloylcysteine. and its 
derivatives. 
I_Metbyl_3,4_dibydro_6H_V~4ltbiazinoL3~4_alisoindol_6_one (429) 
o 
(429) 
Using TFAA as activator: 
9b-Ethyl-5-oxo-2,3,5,9b-tetrahydrolU lthiazolol2~3-a ]isoindol-l-ium-l-olate (424~ (0. 109, 
O.4mmol) was dissolved in anhydrous THF (20ml) under a nitrogen atmosphere. The 
resulting yellow solution waHooled to -78°C and TF AA (0.12ml~ O.9mmolJ-was added by 
syringe. After stirring at this temperature for 2 hours, the orange solution was allowed to 
warm to room temperature and stirred for a further 20 hours~ Water (5mlJ-was. added Il1ld 
stirring continued for 2 hours. The aqueous layer was separated and extracted with DCM 
(3x30ml). The combined .. organiQ layers wer~ dried (MgS04-and the. solvent removecL by 
evaporation under reduced pressure to yield a yellow/orange oil. The oil was purified by flash 
column chromatography on silica.geJ using ethyl aCe1atellight petroleum mixtures as eluent to 
afford the target compound as a yellow oil (0.017g, 21 %). 
Usingp-TsOH as activat?r: 
To a mixture of 9b-ethyl-5-oxo-2,3,5,9b-tetrahydroD ,31thiazoloL2~3-a ]isoindol-l-ium-l-olate 
(424) (O.IOg, O.4mmol) in xylenes (20ml, mixture of isomers) was added p-TsOH (0.008g, 
0.04mmol). This mixture was heated under reflux for 24 hours. Excess xylene. was removed 
by evaporation under reduced pressure and the red brown residue was purified by flash 
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column chromatography on silica gel usin&-ethyl a~etate!light petroleum mixtures as eluent to 
afford the target compound as a yellow oil (0.030g, 33%). 
Vmax (film)/cm-1 2918 (Sp1 CH), 1714 (CO), 1610 (C=C), 1467 (ArH); OH (400MHz; 
CDChITMS) 2.33 (3H, s~C=C(CH1}S)~3.21-3.32 (2H~m~-SCHzCHzN-},3.41-3.4S OH, m, 
-SCHzCH(H)N-), 4.62-4.67 (lH, m, -SCHzCH(H)N-), 7.54 (lH, dt, J 1.2, 7.2, ArH), 7.61 
(1H, dt, J 1.2, 7.2, Ar~7.67 (1RdJ7.6~Ar~7.S1 (lH~d~J72fl~Oc.(100MHz; 
CDChITMS) 22.0, 33.7, 42.5, 80.5, 120.8, 121.7, 123.2, 127.0, 127.5,130.3,141.2,167.9; 
mlz (El) 217 (M+, 17%) 149 (100) (Found: M+, 217.05592. C1zHIlNOS requires M+, 
217.05614). 
(4R)-Ethyl-6-oxo-3,4, 7 ,8-tetrahydro-6H-pyrrolo [2, I-a] [1 ,4] thiazine-4-carboxylate (433) 
(433) 
To a mixture of 3-[(ethyloxy}carbonylJ= 7a-methyl-5-oxollerhydrollyrollo[2J-b ID,3}thiazol-
l-ium-l-olate (432) (0.90g, 3.7mmol) in xylenes (40ml, mixture of isomers) was added p-
TsOH (0.070g, O.4mmol). This mixture was heated under reflux for 24 hours. Excess xylene 
was removed by evaporation under reduced pressure and the red brown residue was purified 
by flash column chromatography on silica gel using ethyl acetatellight petroleum mixtures as 
eluent to afford the target compound as a yellow oil (O.13g, 15%). [crIi,' _47.5° (c 5.9, 
CHCh); Vmax (film)/cml 2935 (Sp1 CH), 1750 (COOCHzCH1), 1716 (CO), 1657 (C=C); OH 
(250MHz; CDChITMS) 1.28 (3H, tj7.2~-COOCH2.CHJ)..1.55 (lH~s~C=CHS~2.40-2.62 
(2H, m, -NCOCHzCHzC=CH), 2.73-2.93 (2H, m, -NCOCHzCHzC=CH), 3.29-3.37 (lH, m, -
SCH(H), 3.48-3.69 (lH,m~-SCH(H)).A.23 (2Rq,...l7.2~-COOCHzCHJ)..52S (1H~t.-J3.2, 
-NCH(COOCHzCH1»; Oc (lOOMHz; CDCh/TMS) 14.4,24.5,26.1,28.8,53.1,62.5,89.1, 
134.3, 167.6, 175.3; mlz (El) 227 (M+, 60%), 215 (41), 200 (20), 181 (8), 154 (100), 112 
(39),98 (91), 82 (17), 59 (15) (Found: M+, 227.06162. CIOH\3N01S requires 227.06162). 
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3.7 Synthesis of the Pyridoisoquinoline Ring System 
Methyl-5-hydroxypentanoate (502)136 
~OCH3 ~OH 
(502) 
To a stirring solution of o-valerolactone (501) (5.0g, 50mmol) in methanol (50ml) was added 
5 drops of concentrated sulfuric acid (98%). This solution was heated under reflux for 5 
hours. Upon cooling in an ice salt bath, sodium hydrogen carbonate (5g) was added and the 
resulting suspension was allowe.d to stir for 20 minutes... Following..filtratioll,-the.methanol 
was removed by evaporation under reduced pressure to afford the target compound as a 
colourless oil (6.47g, 98%), which was used without further purification. Vmax (film)/cm-1 
3848 (OH), 2952, 2873 (Spl CH), 1736 (COOCH3); OH (400MHz; CDChITMS) 1.58-1.63 
(2H, ID, -CH2CH2CH2.-0Hl- 1.68-1.74 (2H~ ~ -CH:zCH2.-CHzOHl-2.36 (2H~ t~ J 7.4-
CH2COOCH3), 3.47 (lH, br s, -OH), 3.66 (2H, t, J 6.0, -CH2CH2CH20H), 3.67 (3H, s, -
COOCHl ); oc (100MHz~CDCI:JTMS)..21.4,..J2.3~34.0~51.9~62.4~ 174.6. 
Methyl-5-oxopentanoate (472)136 
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~OCH3 ~O 
(472) 
To a stirring solution of methyl-5-hydroxypentanoate (502) (6.0g, 45mmol) was added PCC 
(14.7g, 68mmol). This mixture was allowed to stir at room temperature for 3 hours. The 
mixture was diluted with diethyl ether and filtered through a pad of Celite. After washing the 
Celite 'cake' with additional diethyl ether~ the filtrate was removed by evaporation under 
reduced pressure. The resulting red/brown residue was purified by flash column 
chromatography on silica gel usin~diethyl ether/light \1etrQleum mixtures as. eluenttQ afford 
the target compound as a yellow oil (4.43g, 75%). Vmax (film)/cm"l 2954 (8p3 CH), 1739 
(COOCH3), 1718 (CHO)~OIL(400MHz~ CDChLTMS} 1.92-1.99 (2H~m~ -CH2CHZCHO), 
236 (2H, t, J 7.2, -CHzCOOCH3), 2.51 (2H, dt, J 1.2, 7.2, -CHzCH2CHO), 3.67 (3H, s, -
COOCH3), 9.77 (IH, t~ J J.6~ -CHO~oc- (JOOMHz~CDChLTMSp 7.8~33.1~ 43.3, 51.8, 
173.6,201.5. 
(3R, 8aR)-3-(phenylmethyl)-perhydrop)'rido[2.1-hlll.3J.oxazol-5-one ($JCn-(489» 
and 
(3R, 8aS)-3-(phenylmethyl)-perhydrop:yridoL2.1-hW.3J.oxazol-5-one (Ilnti-(489» 
syn-{489) anti-(489) 
(S)-Phenylalaninol (S.Og, 33mmol) and methyl-S-oxopentanoate (472) (43g, 33mmol) were 
refluxed in toluene (IS0ml) under Dean-Stark conditions for 48 hours. The resulting yellow 
solution was allowed to cool and the toluene removed by evaporation under reduced pressure 
to yield a viscous yellow oil. 250MHz IH NMR spectroscopic analysis of the crude product 
mixture revealed the formation of a 4: I diastereoisomeric mixture of the desired bicyclic 
Exoerimental 231 
.- -- ---------------
lactam products. The oil was adsorbed onto silica and purified by flash column 
chromatography on silica gel using ethyl acetatellight petroleum mixtures as eluent to afford 
the target compounds as white needles (3. 81 ~ 50%). 
Major (.ryn) isomer: Mp 91-93°C (CHChlhexanes); [a]i,' +7.5° (c 1.09, CHCh); Vrnax 
(film)/cml 2954 (Sp3 CH), 1646 (CO), 1470 (ArH); OH (400MHz; CDChITMS) 1.38-1.43 
(IH, m, -CH(H)CHzCH2CO~1.68-1.79 (lR-m~-CH,-CH(H}CH2CO~ 1.92-2.02 (lH,Ill, -
, 
CHzCH(H)CHzCO), 2.18-2.29 (!H, m, -CH(H)CHzCHzCO), 2.36-2.54 (2H, m, 
CHzCHzCHzCO), 2.60 (lH~ dd~J 10.0~ 13.2~ -CH(H)Ph}~ 3.55 (1H~dd~J 2.8~.13.2, -
CH(H)Ph), 3.67-3.73 (Ill, m, -OCH(H), 4.00 (!H, dd, JO.8, 9.2, -OCH(H», 4.21 (IH, Ill,-
OCHzCHCHzPh), 4.65 (!H~ ddJ 3.2_10. O. -(CHzh-CHOCHz).3.l9-7.32 (SH~m. ArB); oc 
(IOOMHz; CDCh/TMS) 17.9, 28.6, 31.4, 37.3, 57.0, 69.6, 89.3, 126.8, 129.0 (2C), 129.9 
(2C), 138.4; 168.3; mlz (El) 231 (M" 17%), 140 (100),112 (12), 98 (9), 91 (21),84 (12), 77 
(6),70 (5), 51 (4) (Found: M'", 231.12589. C1Ji17NOz RequiresM'", 231.12593). 
Minor (anti) isomer: Mpt 90-92°C (CHChlhexanes); [a]i,' +28.9° (c 2.13, CHCh); Vrnax 
(film)/cm<1 2956 (Sp3 CH), 1640 (CO), 1465 (ArH); OH (400MHz; CDChITMS) 1.36-1.45 
(!H, m, -CH(H)CHzCHzCO~ 1.60-1.71 (!H~m.- -CHzCH<mCH,-CO~L87-1.96 (lR-m, -
CHzCH(H)CHzCO), 2.17-2.19 (!H, m, -CH(H)CHzCHzCO), 2.25-2.38 (IH, m, 
CHzCH2CH(H)CO)~2.54 (JH, ddJ 6.0.18. 0_ CH,-CHzCH(H)CO~2.82 (lH,ddJ 9.1.13.4, 
-CH(H)Ph), 3.29 (1H, dd, J 3.7, 13.4, -CH(H)Ph), 3.64 (!H, dd, J 7.6,9.0, -OCH(H», 4.04 
(!H, dd, J 7.6, 9.0, -OCHaI».-4.54 (2H.m,-OCHzCHCHzPh and -(CHzh-CHOCHz1-7.22-
7.33 (5H, m, ArB); Qc (100MHz; CDChITMS) 17.5,28.6,31.7,38.2,55.4,69.7,87.7,127.1, 
128.9 (2C), 129.9 (2C), 137.3, 169.0; mlz (El) 231 (M'",45%), 140 (100),112 (24), 98 (13), 
91 (34), 84 (23), 77 (6), 70 (8), 51 (3) (Found: M'", 231.12632. C1JI17NOZ Requires M'", 
231.12593). 
(6S, IlbR)-7 -(Hydroxymethyl): 1,;l..4,6,7 ,11 b-hexahydro-2H-lll'rido l2,1-a Jisoqyinolin-4-
one (487) 
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f 
(487) 
An unseparated mixture of the .l)'n- and anti diastereoisomers of (phenxlmethyl)-
perhydropyrido[2,I-b][1,3]oxazol-5-one (489) (3.0g, 13mmol) were dissolved in anhydrous 
DCM (50mI) under a nitrogen atmosphere. The resultin~xellow solution was cooled to -
10°C and titanium (IV) chloride (2.14ml, 19mmol) was added by syringe. After stirring at 
this temperature for 15 minutes, the red/brown suspension was allowed to warm to room 
temperature and stirred for a further 20 hours. The reaction was quenched by addition of 
saturated ammonium chloride solution (50mI)., The aqueous layer was separated and 
extracted with DCM (3x30mI). The combined organic layers were dried (MgS04) and the 
solvent removed by evaporation under reduced pressure to yield a yellow/orange oil. 
250MHz !H NMR spectroscopic analysis of the crude product mixture revealed the formation 
of a single product diastereoisomer. The. oil was. purifie.d b}'. flash c.Qlurnn chrQmatQgr8.j1hx on 
. 
silica gel using DCMlmethanol (9: 1) mixtures as eluent to afford the target compound as a 
yellow oil (1.95g, 65%h.-a portion of which was rec[},stallised from CHChfhexanes to yield 
colourless crystals. Mp 109-1lloC; [a]~ +82.8° (c 1.27, CHCh); Vmax (film)/cm'! 3390 
(OH), 2949 (Sp3 CH), 1613 (CO), 1459 (ArH); OH (400MHz; CDCh/TMS) 1.81-1.95 (3H, In, 
-CH(H)CH2CH2CO), 2.36-2.48 (2H,m~ -CH(B}CH£H(H)COh.-2.58 (lH~ dtj 6.0~ 17.61 -
CH2CH2CH(H)CO), 2.73 (lH, dd, J 4.0, 16.0, -CH(H)Ph), 3.06 (lH, dd, J 6.0, 16.0, -
CH(H)Ph), 3.56 (1H, dd, J 8.4~ 11.2~ -CH(H)OHh.-3.63 (lll,.dd,J 5.6,. 11.2>--CH(H)0H), 
4.62 (lH, dd, J 4.4, 8.4, -(CH2)3CHOCH2), 4.90 (lH, br s, -OH), 5.07-5.13 (lH, In, 
PhCH2CHCH2.0Ht 7.12-7.24 (.4H>-m~ArH).~ oe-(67.5MHz~ CDCh/TMS)..19.2~29.6~ 30.1, 
32.7, 50.3, 53.5, 64.0, 124.7, 127.0, 127.5, 129.4, 123.4, 137.9, 172.2; mlz (El) 231 (M'", 
20%),200 (100), 140 (58), 130 (18), 115 (11), 91 (28),84 (11), 77 (18), 55 (29) (Found: M'", 
231.12589. Cl~17NOz Requires M'", 231.12593). 
(6S, 11 bR)-7 -(Hydroxymethyl).-1,3,4 ... 6.7 ,11 h-henhydro-2H-pyrido l2,1-apsoquinoline-7-
carbaldehyde (507) 
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(507) 
To a stirred solution of Dess-Martin periodinane (2.22s.- 5.2mmol).. in anhydrous DCM 
(30m!) under a nitrogen atmosphere was added (6S, llbR)-7-(hydroxymethy!)-1,3,4,6,7,llb-
hexahydro-2H-pyrido[2J-a]isQquinoJin-4-on~ (487).. (IJ0s.- 4.8mmol).. in anhydrous DCM 
(30m!) dropwise by syringe at room temperature. The resulting yellow suspension was 
allowed to stir for a further 20 hours_ Th~ solvenL waa removed from the. orange. suspension 
by evaporation under reduced pressure. 250MHZ lH NMR spectroscopic analysis of the 
crude product revealed the formation of a single product diastereoisomer. The residue was 
purified by flash column chromatography on silica gel using ethyl acetate as eluent to afford 
the target compound as a yellow solid (I. Os.- 92%),. which was used without further 
purification. Vrnax (film)/cm-l 2949 (Sp3 CH), 1718 (CHO), 1616 (CO), 1457 (ArH); OH 
(250MHz; CDChITMS) 1.70-1.86 (lH,. m,. -CHOl).CH2.CH2.COh.- 1.93-2.07 (2H,. m~ -
CH1CH1CH1CO), 2.39-2.57 (2ll, m, -CH(H)CH1CH(H)CO), 2.68 (Ill, dt, J 4.0, 17.8, -
CH1CH1CH(H)CO), 3.09 (lH,..dd,..J 6_0,.. 15.9~-CH(H)Ph)...3.20 (lH,..dd,..J 5.1,...16_°1 -
CH(H)Ph), 4.76 (lH, dd, J 4.2, 10.7, -(CH1)JCHNCO), 5.38 (Ill, t, J 5.6, -CHOCHCHzPh), 
7.16-7.25 (4H, m, ArH),.9.55 (lH,.s,..-CHO};"Oc.(lOOMHz;..CDChLTMS).. 19.7,. 28.2,..30.6, 
32.1,55.4,57.9,125.21,127.6,127.7,129.0,132.2,136.4, 171.4, 199.3. 
(11bR)-1,3,4,11b-Tetrabydro-2H-pyrido(ZJ -apsoquinolin-4-one. (517) 
o 
(517) 
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[Bis(triphenylphosphine)Jrhodium 0) carbonyl chloride .. (O.oI5ll.- 0,02mmol) WM added to 
anhydrous p-xylene (2m1) under a nitrogen atmosphere. The mixture was stirred at 80°C until 
the complex dissolved. After 15 minutes at 80°C, 1,3-bis(diphenylphosphino)propane 
(0.027g, 0.07mmol) was added, and the mixture heated at 80°C for a further 30 minutes until 
the formation of a granular yellow precipitate WM. seen_ (6S~ llbR):.7-(Hydroxymethyl)-
1,3,4,6,7,11 b-hexahydro-2H-pyrido[2, l-a]isoquinoline-7-carbaldehyde (507) (0. 109, 
O.4mmol) was added as a solution in anhydrous p-xylene (10ml) and the mixture heated 
under reflux for 48 hours. After removal of the solvent by evaporation under reduced 
pressure, the product was separated from the crude reaction mixture by flash column 
chromatography on silica gel using ethyl acetatellight petroleum mixtures as eluent to afford 
the target compound as a yellow oil (0,020ll.- 23%)~ which Wa.5- used without fu~er 
purification. Vrnax (film)/cm-1 2950 (Sp3 CH), 1656 (C=C), 1630 (CO), 1452 (ArH); OH 
(250MHz; CDCh/TMS) 1.81-2.01 (1H,..~-(CH(H)4CQ~2,04-2J6 (2H,..~-(CH(H)4cq), 
2.36-2.53 (1H, ID, -(CH(H))3CO), 2.58-2.65 (2H, m, -(CH(H))3CO), 4.72 (lH, dd, J 4.4, 10.6, 
-(CH2)3CHNCO), 6.05 (lH,..d,J 7.9, -NCOCH=CHPh), 7.06 OH, t,J 4.0,.. -Ar~ 7.13-7.28 
(3H, m, ArH), 7.33 (lH, d, J 7.9, -NCOCH=CHPh); Oc (lOOMHz; CDChfTMS) 19.9,26.3, 
32.6,56.8, 112.1, 123.~12S 8, ~l21~128 2,1321,1322,1681.6. 
(1IbR)-1,3,4,6,7,11b-Hexahydro-2H-pyrido[2,I-a]isoquinolin-4-one (447) 
o 
(447) 
(11 bR)-1,3,4, 11 b-Tetrahydro-2H-pyrido[2, l-a]isoquinolin-4-one (517) (0.020g, O.lmmol) 
was dissolved in absolute ethanol (5ml). The reaction vessel was pur~ed with nitrogen for 20 
minutes, then purged with hydrogen gas. Catalytic palladium (10% on carbon) was added, 
and the reaction mixture placed under a hydrogen atmosphere (J atm.). This heterogeneous 
mixture was allowed to stir at room temperature for 24 hours. The mixture was filtered 
through a pad of Celite. After washin~thereaction vessel and. Celite 'cake' with DCM~ t,he 
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combined filtrates were removed by evaporation under reduced pressure. 250MHz IH NMR 
spectroscopic analysis of the crude product r~vealed th~ presence of th~ d~ired producLAlI 
attempts at separating the product from the crude reaction mixture by flash column 
chromatography on silica gel using ethyl acetatellight petroleum mixtures as eluent were 
fruitless, and experimental data corresponding to the product is reported. VOlaX (film)!cm-I 
2925 (Sp3 CH), 1619 (CO), 1462 (ArH); OH (400MHz; CDChITMS) 1.65-1.76 (1H, m, -
CH(H)CH2CH2CO), 1.80-2.00 (2H, m~ -CH,.cH,.cHz--CO)~ 2.30-2.45 (lH~ m~. -
CH1CH2CH(H)CO), 2.49-2.63 (2H, m, -CH(H)CH2CH(H)CO), 2.70-2.79 (lH, m, -
NCOCH2CH(H)Ph), 2.83-2.89 (lH, m, -NCOCHz--CH(H)Ph), 2.91-3.03 (lH, m -, 
! 
NCOCH(H)CH2Ph), 4.61-4.69 (lH, m, -(CH2)JCHNCO), 4.76-4.85 (lH, m, -
NCOCH(H)CH2Ph), 7.08-7.30 (4H,m, ArH)~k(IOOMHz~CDCIJfTMS) 20.0, 29.3, 31.1, 
32.6,40.0, 57.3, 125.3, 126.9, 127.0, 129.4, 135.5, 137.7, 169.7; mlz (El) 201 (M'", 100%) 
(Found: M" 201.11560. C13HISNO Requires M" 201.11356). 
(2S)-2-Amino-3-(3,4-dimethoxy)propan-l-ol (504i83,184 
(504) 
Chlorotrimethylsilane (2.25m1, 18mmol) was added to a stirring solution of lithium 
borohydride (4.44m1, 8.9mmol of a 2M solution in THF) in THF (20ml) under a nitrogen 
atmosphere over 2 minutes at room temperature. 3,4-Dimethoxyphenylalanine (l.Og, 
4.4mmol) was then added within 5 minutes and the reaction mixture was allowed to stir for a 
further 24 hours.183 Methanol (30ml) was added with care and the solvents removed under 
reduced pressure. The residue was dissolved in 10% potassium hydroxide solution (20ml) 
and extracted with DCM (3x30ml), dried (MgS04) and the solvent removed by evaporation 
under reduced pressure to yield a yellow solid, which was used without further purification 
(0.92g, 95%). Mp 79-82°C (CHChlltexanes) (Lit., 79_80°CI84); vOlaX (film)/cm-I 3356 (NH2), 
3325 (OH), 2935 (Sp3 CH), 2836 (ArOCH3), 1516 (ArH); OH (250MHz; CDChITMS) 2.45 
(lH, br s, -OH), 2.46 (lH, dd,J 8.8, 13.6, -CH(H)Ph~2.74 (lH, dd,J 5.1,.13.6,-CH(H)Ph), 
3.04-3.17 (lH, m, HOCH2CHCH2Ph), 3.40 (lH, dd, J 7.2, 10.6, -CH(H)OH), 3.64 (lH, dd; J 
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Chapter 3 
Experimental 
Experimental 
3.1.1 Solvents and Reagents 
All solvents were dried, distilled and either used immediately or stored over 4A molecular 
sIeves. 
dichloromethane: 
ethyl acetate: 
40-60 petroleum ether: 
tetrahydrofuran: 
distilled from phosphorus pentoxide or calcium h}'dride 
distilled from calcium chloride 
distilled from calcium chloride 
distilled from sodium! benzophenone 
Unless otherwise stated light petroleum refers to 40-60 petroleum ether (fraction boiling 
between 40 and 60 "C). Anhydrous p-xylene, acetonitrile and dimethylformamide were 
purchased from Aldrich Chemical Co. Ltd. Other chemicals used in this work were obtained 
from Aldrich Chemical Co. Ltd, Lancaster Synthesis Ltd., Acros (Fisher) Chemicals Ltd. or 
Avocado and were distilled or recrystallised as re~uired. 
3.1.2 Chromatographic Procedures 
Flash column chromatograph}' was carried out usin~Merck Kieselgel 60 H silica. Samples 
were applied as saturated solutions in an appropriate solvent or pre-absorbed onto the 
minimum quantity of silica. If required, pressure was applied at the column usin~ hand 
bellows. Thin layer chromatography (tic) was carried out using aluminium backed plates 
coated with Merck Kieselgel 60 GF254.. Plates were visualised under UV li~ht (at 254 and/or 
360 nm) or by staining with potassium permanganate or phosphomolybdic acid. 
Chiral HPLC was performed using a Thermoseparations modular machine (VIOO UV 
Detector, P200 Pump and TSP Chromatographic Integrator) using ChiralCel OD and OD-H 
columns (250 x 4.6mm) purchased from Men;:k. 
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3.1.3 Spectra 
Infra red spectra were recorded in the range 4000-600 cm-l using a Perkin Elmer Paragon 
1000 FT -IR Spectrometer, with internal calibration. Solid samples were run as Nu.i-ol mulls or 
dissolved in an appropriate solvent and applied as a thin film to the IR plates. Liquid samples 
were applied neat to the plates and run as thin films. 
IH and l3C Nuclear Magnetic Resonance (NMR) spectra were recorded using a Bruker 
AC250 or DPX400 Spectrometer. Multiplicities were recorded as broad peaks (br),.-singIets 
(s), doublets (d), triplets (t), quartets (q), and multiplets (m). All NMR samples were prepared 
in deuterated solvents usin~ tetramethylsilane (TMS) as an internal standard (Oppm). 
Coupling constants (J values) are reported where possible in Hertz (Hz). Diastereoisomer 
ratios were calculated from the integration of suitable peaks in the lH NMR spectrum. 
Electron Impact (E.I.) and Fast Atom Bombardment (F.A.B1mass spectra were recorded on 
a Kratos MS80 Instrument. 
3.1.4 Elemental Analysis 
Elemental analyses were carried out on a Perkin Elmer 2400 eHN Elemental Analy:ser. 
3.1.5 Other Data 
Melting points were determined on a Leica Galen III instrument and are uncorrected. Optical 
rotations were performed where possible on a polAAR 2001 instrument using a 0.25dm cell. 
All yields are for isolated pure products except where diastereomeric mixtures are noted. 
Exoerimental 205 
3.2 Synthesis of Tricyclic Thiazoloisoindolinones 
2,3,5,9b-Tetrabydro[1,3Itbiazolo[2,3-alisoindol~5-one (31Sa)95 
(31Sa) 
2-Mercaptoethylamine hydrochloride (2.0g, 18mmol) and sodium acetate (4.33g, 53mmo1) 
were added to a stirrin~ suspension of 2-carboxybenzaldehyde (2.64&-18mmo1) in xylenes 
(mixture of isomers, 150ml) portionwise over 5 hours whilst refluxing under Dean-Stark 
conditions. The mixture-1mIs allowed to reflux undet:-these cooditiolls for-a.-rurther 24-1IO~rs. 
Following filtration of the reaction mixture, the solvent was removed by evaporation under 
reduced pressure. The resulting yellow oil was adsorbed onto silica and purified by flash 
column chromatography on silica gel using diethyl ether!1ight petroleum mixtures as eluent to 
afford the target compound as a yellow powder (3.19s.- 95%).- a portion of which was 
recrystallised from diethyl ether!1ight petroleum mixtures to yield off-white needles. Mp 99-
101°C (Lit., 98_100.5°C95); Vrnax (film)/cm-I 2944 (Spl CH), 1702 (CO), 1469 (ArH); OH 
(400MHz; CDChITMS) 3.33-3.42 (3H, m, -NCH(H)CHz.S-), 4.38-4.46 (IR, m, -
NCH(H)CH2S-), 5.85 (llI, s, PhthH), 7.45-7.51 (2H, m, ArH), 7.56 (IR, dt, J 1.2,7.2, ArH), 
7.80 (1R, dd, J 1.6, 7.2, ArH);.oc.(.lOOMHz;. CDCIJ1TMS)36.8,44.7, 66.3, 123.5, 125.1, 
129.5, 131.4, 132.9, 145.4, 171.1; mlz (El) 191 (M", 100%) (Found: M+, 191.04042. 
C10H9NOS requires 191.04049). 
Compound (31Sa) has also been accessed via a different route by Hiskey and Dominniani95 
in 63% yield from phthaldehydic acid and 2-mercaptoethylamine hydrochloride in the 
presence of triethylamine and thionyl chloride in refluxing benzene/methanol mixtures. 
Exnerimentai 
9b_Methyl_2,3,5,9b_tetrahydroll~3Uhiazolog,3-alisoindol-5-one (31Sb) 
cQJ 
~··s 
(31Sb) 
2-Mercaptoethylamine hydrochloride (LOg,.. 9mmol) and sodium acetate (2. 16g, 26mmol) 
were added to a stirring suspension of 2-acetylbenzoic acid (1.44g, 9mmol) in xylertes 
(mixture of isomers, 150ml) portionwise over 5 hours whilst refluxing. under Dean-Stark 
conditions. The mixture was allowed to reflux under these conditions for a further 24 hours. 
F~lIowing filtration of the reaction mixture, the solvent was removed by evaporation under 
reduced pressure. The resulting yellow oil was adsorbed onto silica and purified by flash 
column chromatography on silica gel using diethyl etherllight petroleum mixtures as eluent to 
afford the target compound as a yellow oil (1.59g, 88%). Vmax (film)!cm-I 2942 (Sp3 CH), 
1702 (CO), 1466 (ArH); OH..(400MHz; CDChLTMSL-1.89 (3H,.s,PhthCHl1-3.32-3.46 (3H, 
m, -NCH(H)CH2S-), 4.42-4.50 (1H, m, -NCH(H)CH2S-), 7.44 (lH, dt, J 1.2, 7.2, ArH), 7.48 
(lH,. dt, J 1.2,7.6, Arllh-7.57 (lH,.dtj 1.2, 7.6.ArH). 7.74 (lH.dt.J 1.2.7.6, ArH)".-oc 
(lOOMHz; CDChfTMS) 28.7, 37.7, 43.2, 76.7, 121.9, 124.3, 129.2, 129.6, 133.1, 150.6, 
170.5; mlz (El) 205 (M', 100%) (Found: M+, 205.05643. CIIHIINOS Requires 205.05614). 
9b-Ethyl-2,3,5,9b-tetrahydroLl,3Uhiazololl,3-aJjsoindol-5-one (31Sc) 
(31Sc) 
2-Mercaptoethylamine hydrochloride (0.32g,..2.8mmol)and sodium acetate (0.69g, 8.4mmol) 
were added to a stirring suspension of 3_ethyl_3_hydroxy_l,3_dihydroisobenzofuran-l-one 
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(324) (0.5g, 2.8mmol) in xylenes (mixture of isomers, 150ml) portionwise over 5 hours 
whilst refluxing under Dean-Stark conditions. The mixture was allowed to reflux under these 
conditions for a further 24 hours. Following filtration of the reaction mixture, the solvent was 
removed by evaporation under reduced pressure. The resulting yellow oil was adsorbed onto 
silica and purified by flash column chromatography on silica gel using diethyl etherllight 
petroleum mixtures as eluent to afford the target compound as a yellow oil (0.25g, 40%). Vmax 
(film)/cm·J 2934 (Sp3 CH), 1706 (CO), 1466 (ArH); OH (400MHz; CDChITMS) 0.72 (3H, t, J 
8.0, PhthCH2CH3), 2.26 (2H~ q..J 8.0~PhthCH2..CHl.)~3.32-3.40 (3H,m~ -NCH(H).CH2.S-), 
" 
4.52-4.59 (lH, m, -NCH(H)CH2S-), 7.43 (lH, dd, J 0.8, 7.6, ArH), 7.46 (lH, dt, J 0.8, 7.6, 
ArH), 7.58 (lH, dt, J 1.2~ 7.2, ArH)~ 7.77 (lH, dd~ J 1.2, 7.6, ArH)~ Cc. (lOOMHz; 
CDCh/TMS) 9.6, 34.4, 37.5, 43.6, 79.8, 122.2, 123.3, 128.0, 130.5, 133.1, 149.2, 171.4; mlz 
(El) 219 (M'", 82%), 204 (14), 190 (100), 172 (67), 160 (23), 91 (8), 77 (9) (Found: M'", 
219.07188. C12R13NOS Requires 219.07174). 
9b-(Phenylmethyl)-2,3,5,9b-tetrahydro[1,3]thiazolo[2,J-a]isoindol-5-one (318d) 
(318d) 
2-Mercaptoethylamine hydrochloride (0.33g, 2.9mmol) and sodium acetate (O.72g, 8.8mmol) 
were added to a stirring suspension of 3-hydroxy-3-<Vhenylmethyl)-1,3-
dihydroisobenzofuran-l-one (325) (O.70g, 2.9mmol) in xylenes (mixture of isomers, 150ml) 
portionwise over 5 hours whilst refluxing under Dean-Stark conditions. The mixture was 
allowed to reflux under these conditions for a further 24 hours. Following filtration of the 
reaction mixture, the solvent was removed by evaporation under reduced pressure. The 
resulting yellow oil was adsorbed onto silica and purified by flash column chromatography 
on silica gel using diethyl etherllight petroleum mixtures as eluent to afford the tarl?et 
compound as a white powder (0.16g, 20%), a portion of which was recrystallised from 
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diethyl etherllight petroleum mixtures to yield colourless crystals. Mp 1 08-11 O°C~ Vlllax 
(film)lcm-1 2924 (Spl CH), 1702 (CO), 1465 (ArH); OH (250MHz; CDChITMS) 3.16-3.29 
(3H, In, -NCH(H)CHzSc>.- 3.39 (lH, d, J 14.0, PhthCH(H)Ph),. 3.47 (lH, d, J 14.0, 
PhthCH(H)Ph), 4.39-4.51 (lH, m, -NCH(H)CHzS-), 7.03-7.13 (5H, m, ArH), 7.35 (lH, dt, J 
1.2, 7.5, ArH), 7.42 (1H, dd, J 1.0, 6.8,ArH),7.51 OH, dt,J 1.2, 7.6, ArH).,}.61 (1H, del, J 
0.8,7.6, ArH); DC (100MHz; CDCh/TMS) 37.9, 44.3, 47.4, 79.6,122.7, 122.8, 125.6, 127.2, 
127.5, 128.3; 129.3, 130.2, 130.8, 132.9, 137.9, 149.6, 171.3; m/z (El) 281 (M'", 4%), 234 
(38),220 (18), 204 (14), 191 (100), 178 (30).-163 (20),130 (61),102 (32),_91 (51),77 (18), 
51 (11) (Found: M+, 281.0870. C17H1SNOS requires 281.0874). 
Ethyl (3R, 9bS)-5-oxo-2,3,5.9b-tetrahydroLl,3lthiazolo~,3-alisoindol-3-carboxylate 
(318e) 
(318e) 
L-Cysteine ethyl ester hydrochloride (1. 50&- 8.1mmol)and sodium acetate (2.0g,.24mmol) 
were added to a stirring suspension of 2-carboxybenzaldehyde (1.21g, 8.1mmol) in xylenes 
(mixture of isomers, 150ml) portionwise over 5 hours whilst refluxing under Dean-Stark 
conditions. The mixture was allowed to reflux under these conditions for a further 24 hours. 
Following filtration of the reaction mixture, the solvent was removed by evaporation under 
reduced pressure. 250MHz lH NMR spectroscopic analysis of the crude product mixture 
revealed the formation of a single product diastereoisomer. The yellow/orang.e residue was 
adsorbed onto silica and purified by flash column chromatography on silica gel using diethyl 
etherllight petroleum mixtures as eluent to afford the target compound as a yellow oil (1.80g, 
80%), a portion of which was recrystallised from diethyl etherllight petroleum mixtures. to 
yield white needles. Mp 77-80°C; (Found: C, 59.21~H, 4.84~N,5.39%. C l1Hl1.N01.S requires 
C, 59.32; H, 4.94; N, 5.32%); [a]~ -225.2° (c 1.84, CHCb); Vtnax (film)/cml 2936 (Spl CH), 
1739 (COOCHzCH1), 1718 (CO),. 1469 (ArH);J51L(250MHz~ CDChfTMS.l1.31 (m, t, J7.2, 
-COOCHzCH1), 3.58 (lH, dd, J 5.0, 11.5, -SCH(H), 3.64 (lH, dd, J 7.1, 11.3, -SCH(H), 
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4.26 (2H, q, J 7.2, -COOCH:z..CH~ 5.23 (1H~dd~J 5.0, 7.2~-NCH(COOCH:z..CHl)),6.08 
(lH,s, PhthH), 7.45-7.51 (2H, m, ArH), 7.57 (lH, dt, J 1.3, 7.4, ArH), 7.80 (lH, dd, J (4, 
6.8, ArH); lie. (100MHz~ CDChLTMS).. 15.3~ 39.9~ 57.9~ 62.2, 66.5, 123.6,.. 127.8~ 129.6, 
130.0, 133.2, 145.1, 170.1, 170.4; mlz (El) 263 (M+, 52%), 190 (100), 162 (27), 145 (20), 132 
(42),89 (39), 77 (23), 59 (42) (Found: M+, 263.06181. CuHuN03S requires 263.06162). 
Ethyl (3R, 9bS)c9b-meth)'1-5-oxo-Z,3,S,9b-tetrah)'dro[l,3)thiazolo[2,3-alisoindol-3-
carboxylate (318t) 
(318t) 
L-Cysteine ethyl ester hydrochloride (1.50g, 8.1mmol) and sodium acetate (2.0g, 24mmol) 
were added to a stirring suspension of 2-acetylbenzoic acid (1.33g, 8.lmmol) in xylenes 
(mixture of isomers, 150ml) portionwise over 5 hours whilst refluxing under Dean-Stal-k 
conditions. The mixture..was. allo.wed.to. reflux under. these..conditions fur. a fhrther 2.4.h.ours. 
\ 
Following filtration of the reaction mixture, the solvent was removed by evaporation under 
reduced pressure. 250MHz lH NMR spectroscopic analysis of the crude product mixture 
revealed the formation of a single product diastereoisomer. The yellow/orange residue was 
adsorbed onto silica and purified by flash column chromatography on silica gel using diethyl 
etherllight petroleum mixtures as eluent to afford the target compound as a yellow oil (1.57g, 
70%), a portion of which was recrystallised from diethyl etherllight petroleum mixtures to 
yield white needles. Mp 110-113°C~ (Found: C, 60.56~ H, 5.49~N, 5.38%. C1.4lI15NOrS 
requires C, 60.65; H, 5.42; N, 5.05%); [a]i.' -273.1 0 (c 1.10, CHCh); Vmax (film)/cm-1 2979 
(Sp3 CH), 1739 (COOCH2CH3), 1710 (CO), 1468 (ArH); OH (400MHz; CDCh/TMS) 1.32 
(3H, t, J 7.2, -COOCH2.CH1)..1.96 (3H~ s~PhthCH3).~3.82 (lH~dd,J 8.8~ 11.6,-SCH(H), 
3.92 (lH, dd, J 6.4, 11.8, -SCH(H», 4.24-4.34 (2H, ID, -COOCH2CH3), 5.14 (lH, dd, J 6.4, 
8.8, -NCH(COOCH2CH3).).7.48-7.52 (2H,m,..ArH).. 7.61 (lH,dtj 1.2,.. 7.4, ArH)..7.79 (lH, 
dd, J 1.2, 8.8, ArH); oc (100MHz; CDCh/TMS) 14.4, 28.4, 40.5, 58.3, 62.2, 122.3, 124.9, 
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126.3, 129.3, 129.4, 134.9, 149.4, 170.6, 170.8; mJz (El) 277 (M" 100%) (Found: M', 
277.07749. ClJil5N01S re~uires 277.07727). 
Methyl (3R, 9bS)-5-oxo-2,3,5,9b-tetrahydro[1,3]thiazolo[2,3-a]isoindol-3-carboxylate 
(318g) 
(318g) 
L-Cysteine methyl ester hydrochloride (1.70g, 9.9mmol) and sodium acetate (2.45g, 
30mmol) were added to a stirring suspension of 2-carboxybenzaldehyde (1.49g.. 9.9mmol) in 
xylenes (mixture of isomers, 150ml) portionwise over 5 hours whilst refluxing under Dean-
Stark conditions. The mixture was..allowed to-retlux under.. these. conditions foI:. a...finiber t4 
hours. Following filtration of the reaction mixture, the solvent was removed by evaporation 
under reduced pressure. 250MHz IH NMR spectroscopic analysis of the crude product 
mixture revealed the formation of a single product diastereoisomer. The yellow/orange 
residue was adsorbed onto silica and purified by flash column chromatography on silica gel 
using diethyl etherllight petroleum mixtures as eluent to afford the target compound as a 
yellow oil (1. 98g, 80%), a portion of which was recrystallised from diethyl etherllight 
petroleum mixtures to yield white needles. Mp 83-86°C~ (Found: C, 57.62~ H~ 4.49~.N, 
5.67%. C12H\lN03S requires C, 57.83; H, 4.42; N, 5.62%); [a];; -223.60 (c 2.31, CHCh); 
Vmax (film)/cm·1 2953 (Spl CH), 1744 (COOCH), 1710 (CO), 1468 (ArH); OH (400MHz; 
CDChITMS) 3.62 (1H, dd, J 4.8,11.6, -SCH(H))J66 (lH, dd,J 7.2, 1 L2,-SCH(H)),3.82 
(3H, S, -COOCH3), 5.24 (lH, dd, J 4.8, 7.6, -NCH(COOCH1», 6.08 (lH, s, PhthH), 7.48 
(lH, d, J8.0, ArH), 7.50 (lH,dt,l 1.2,7.6, ArH).J59 (lH,dtj L2J6~ArH).,7.81 (lH, d, 
J 7.2, ArH); oe (lOOMHz; CDChITMS) 39.9, 53.2, 57.8, 66.6, 123.7, 124.9, 129.7, 130.7, 
133.3,145.0,170.7,170.8; m/z (El) 249 (M', 15%),209 (36),190 (14),135 (lOO), 107 (59), 
93 (50), 84 (42),75 (89), 49 (52) (Found: M', 249.0455. C1zH\lN01S requires 249.0459). 
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Methyl (3R, 9bS)-9b-methyl-5-oxo-2,3,5,9b-tetrahydroll,3lthiazolol2,3-aJjsoindol-3-
carboxylate (318h) 
(318h) 
L-Cysteine methyl ester hydrochloride (1.0&- 5.80mmol) and sodium acetate (1.44g, 
18mmol) were added to a stirring suspension of 2-acetylbenzoic acid (0.96g, 5.8mmol) in 
xylenes (mixture ofisomers,150ml)..portionwise over 5 hours whilst refluxingunder Dean-
Stark conditions. The mixture was allowed to reflux under these conditions for a further 24 
hours. Following filtration of the reaction mixture, the solvent was removed by evaporation 
under reduced pressUre. 250MHz IH NMR spectroscopic analysis of the crude product 
mixture revealed the formation of a single product diastereoisomer. The yellow/orange 
residue was adsorbed onto silica and purified by flash column chromatography on silica gel 
using diethyl etherllight petroleum mixtures as eluent to afford the target compound as a 
yellow oil (l.10g, 70%), a portion of which was recrystallised from diethyl etherllight 
petroleum mixtures to yield white needles. Mp 113-115°C; [a] ~ -289.6° (c 1.8, CHCh); Vmax 
(film)/cm-1 2955 (Sp3 CH), 1752 (COOCH3), 1697 (CO), 1467 (ArH); OH (400MHz; 
CDChITMS) 1.94 (3H, s, PhthCH3)..3.81 CIH,ddJ 8.8, 12.0, -SCH(H» .. .3.92 (lH,ddJ 6,4, 
12.0, -SCH(H», 3.80 (3H, s, -COOCH3), 5.14 (IH, dd, J 6.4,8.7, -NCH(COOCH3», 7.45-
7.50 (2H, m, ArH), 7.59 (IH,dtj 1.2~ 8.0, ArH), 7.77 CIH, ddj 0.8~8.0, ArH)~ lie 
(lOOMHz; CDClJiTMS) 27.9, 40.1, 52.8, 57.9, 77.4,121.9,125.3,128.9,129.3,133.2,148.9, 
170.2,170.9; mlz (El) 263 ~, 5%),160 (100),119 (20),100 (33), 87 (11), 77 (6),59 (19), 
42 (9) (Found: M", 263.06160. C13H13N03S requires 263.06162). 
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3.3 Synthesis of Bicyclic Thiazolopyrroles 
7a-Methylperhydropyrrolo!Z,1-bID,3].thiazQI-5-one (330) 
~ H3C ) 
(330) 
2-Mercaptoethylamine hydrochloride (1.31g, 12mmol) and sodium acetate (2.82g, 34mmol) 
were added to a stirring suspension of levulinic acid (1.31~ 12mmol} in X)'lenes (mixture of 
isomers, 150ml) portionwise over 5 hours whilst refluxing under Dean-Stark conditions. The 
mixture was allowed to reflux under these conditions for a further 24 hours. Following 
filtration of the reaction mixture, the solvent was removed by evaporation under reduced 
pressure. The yellow/orange residue was adsorbed onto silica and purified by flash column 
chromatography on silica gel using diethyl etherllight petroleum mixtures as eluent to afford 
the target compound as a yellow oil (1.08g, 60%). Vmax (film)/cm-I 2967 (Sp3 CH), 1706 
(CO); OH (400MHz; CDChLTMS} 1.66 (3H~ s, -CCHJ), 2.19-2.24 (JH,. m~ -
NCOCH(H)CH2CCH3), 2.46-2.56 (2H, m, -NCOCH(H)CH(H)CCH3), 2.59-2.64 (lH, m, -
NCOCH2CH(H)CCH3), 3.07-3.17 (3R m~ -NCH(B)CH~), 4.37-4.42 (lH~ m,. -
NCH(H)CHzS); oc(100MHz; CDCh/TMS) 31.2,31.4,32.6,33.4,43.2,77.2,177.0; mlz (El) 
157 (M", 65%), 142 (14), 124 (4), 110 (17), 98 (lOO), 82 (12), 59 (6), 55 (18), 42 (17) 
(Found: M+, 157.05598. C7HIINOS Requires, M', 157.05614). 
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Ethyl (3S, 7aR)-7a-methyl-5-oxo-perhydropyrrolol2,l-bW.31thiazol-3-carboxylate (~31) 
(331) 
L-Cysteine ethyl ester hydroch1orid~ (1.0~5.5mmol>-and iiodium acetate (1.30~16mmol) 
were added to a stirring suspension oflevulinic acid (0.63g, 5.5mmol) in xylenes (mixture of 
isomers, 150mI) portionwise over 5 hours whilstrefluxing. undcr Dean-Stark conditions. The 
mixture was allowed to reflux under these conditions for a further 24 hours. Following 
filtration of the reaction mixture, the solvent was removed by evaporation under reduced 
pressure. 250MHz \H NMR spectroscopic analysis of the crude product mixture revealed the 
formation of a single product diastereoisomer. The yellow/orange residue was adsorbed onto 
silica and purified by flash column chromatography on silica gel using diethyl etherllight 
petroleum mixtures as eluent to afford the target compound as a yellow oil (O.80~ 65%). 
[a]:,' _9.86° (c 0.73, CHCh); Vmax (fiIm)/cm'\ 2928 (Sp3 CH), 1735 (COOCH2CH3), 1702 
(CO); OH (250MHz; CDChfTMS}1.30 (3Rtj7.2,..-COOCHz.CH~J.69 (3H,..s.-PhthCH3), 
I 
2.22-2.33 (lH, m, -NCOCH(H)CH2CCH3), 2.39-2.52 (lH, m, -NCOCH(H)CH2CCH3), 2.60 
(lH, dd, J 5.5, 9.9, -NCOCHz-CH(H)CCH~),..2.73-2.68 (1H,..m,..-NCOCHzCH(H}CCH~3.52 
(lH, dd, J 8.8, 11.5, -SCH(H), 3.63 (1H, dd, J 5.5, 11.6, -SCH(H», 4.19-4.30 (2H, m, -
COOCH2CH3), 5.04 (lH, ddj 5.5, 8.3, -NCH(COOCH2-CH3.}}~k(67.5MHz;..CDClJTMS) 
14.4,30.8,32.1,33.5,36.5,58.8,62.3,78.6,170.8,176.9; mlz (EI) 229 (M', 48%), 214 (19), 
204 (3),186 (4),174 (4),156 (45)"'129 (14),124 (7),..98 (100),94 (6),..82 (8),59 (8),.. 42 ~3) 
(Found: M'", 229.07727. C IOH\sN03S Requires, M'", 229.07727), 
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3.4 Alkylation Reactions of Ethyl (3R, 9bS)-9b-methyl-5-oxo-2,3,5,9b-
tetrahydro[I,3]thiazolo[2,3-a]isoindol-3-carboxylate (318t) 
Ethyl 2-l1-methy1-1-(methylthio }~3-oxo-2.3-dihydro-lH-isoindol-2-yl].prop-2-enoate 
(385a) 
Ethyl (3R, 9bS}-9b-methyl-5-oxo-2,3,5,9b-tetrahydro~I,3]thiazolo~,3-a]isojnd01-3-
carboxylate (318t) (1.0g, 3.6mrnol) was dissolved in anhydrous THF (20ml) under a nitrogen 
atmosphere. The resulting. yellow solution was cooled to -78°C and LHMDS (3.75ml, 
4mrnol of a 1. 06M solution in hexane) was added by syringe. After stirring at this 
temperature for 30 minutes~ DMPU (0.48ml~ 4mrnoll-was added. After a further 20 minutes 
at -78·C, methyl iodide (0.2Sml, 4rnmol) was added and the orange solution was allowed to 
warm to room temperature and stirred for a further 20 hours. The reaction was quenched by 
addition of saturated ammonium chloride solution (20ml). The aqueous layer was separated 
and extracted with DCM (3x30mI). The combined organic layers were removed by 
evaporation under reduced pressure and the residue was redissolved in diethyl ether (40ml), 
washed with water (3x40ml)~dried (MgS04.h-and th~ solvent r~oved by evaporation under 
reduced pressure to yield a yellow/orange oil. The residue was purified by flash colurim 
chromatography on silica gel using. diethyl etherllig.ht petroleum mixtures as eluent to afford 
the target compound as an orange oil (0.51g, 48%). [u]i," -13.4 (c 2.30, CHCh); Vrnax 
(film)!cm-1 2982 (Sp3 CH), 1732 (COOCH2CH3), 1698 (CO), 1614, 1637 (C=CH2), 1469 
(ArH); QH (400MHz; CDChITMS) 1.28 (3R tj 7.1>--COOCH£H~1.51 OR ~either -
SCH3 or PhthCH3), 1.79 (3H, s, either PhthCH3 or -SCH3), 4.20-4.33 (2H, m, -
COOCH2CH3), 6.16 (lH,s~-NC=CH(H))>-6.S4 (lH~s~ -NC=CH(H))~ 7.47 (lH>-dtJ 1.0,7,5, 
ArH), 7.57 (lH, dt, J 0.9, 7.6, ArH), 7.65 (lH, dt, J 1.1, 7.5, ArH), 7.84 (1H, dt, J 0.9, 7.6, 
ArH); Qc (lOOMHz; CDChLTMS) 11.8,14.3>-24.7,61.9>-74.0>-122.4>-124.0, 125.8, 129.0, 
130.1, 133.4, 133.5, 149.2, 164.0, 167.6; mlz (El) 291 (M', <1%), 290 (2), 244 (80), 198 
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(37), 170 (100), 146 (9), 129 (21), 102 (13), 91 (12), 77 (12) (Found: M+, 291.09326. 
C15H17N03S requires M'", 291.09292). 
Ethyl 2-{I-methyl-3-oxo-l-((phenylmethyl)jhio l=:2,3-dihydro-lH-isoindol-2-yl~pro~2-
enoate (385b) 
Ethyl (3R, 9bS)-9b-methyl-5-oxo-2,3,5,9b-tetrahydroll,J]thiazolo[2,3-a]jsoindol-3-
carboxylate (318t) (LOg, 3.6mmol) was dissolved in anhydrous THF (20m!) under a nitrogen 
atmosphere. The resultin~ yellow solution was cooled to _78°C and LHMDS (3.75ml, 
4mmol of a 1.06M solution in hexane) was added by syringe. After stirring at this 
temperature for 30 minutes~DMPU (0.48ml~ 4mmol} was added. After a further 20 minutes 
at -78"C, benzyl bromide (0.47mJ, 4mmol) was added and the orange solution was allowed to 
warm to room temperature and stirred for a further 20 hours. The reaction was quenched by 
addition of saturated ammonium chloride solution (20mJ). The aqueous layer was separated 
and extracted with DCM (3x30mJ). The combined organic layers were removed by 
evaporation under reduced pressure and the residue was redissolved in diethyl ether (40ml), 
washed with water (3x40ml), dried (MgS04),and the solvent removed by evaporation under 
reduced pressure to yield an orange oil. The residue was purified by flash column 
chromatography on silica gel usingdiethyl etherllight petroleum mixtures 8£ eluent to afford 
the target compound as a yellow/orange oil (0.5g, 38%). [a]~ -13.9 (c 2.90, CHCh); Vrnax 
(film)/cmOl 2980 (Sp3 CH), 1732 (COOCH2CH3), 1704 (CO), 1613, 1636 (C=CH2), 1468 
(ArH); OH (400MHz; CDChITMS} 1.29 (3H, tj 7.2, -COOCH2.CH3), 1.77 (3H, s, PhthCH3), 
2.97 (lH, d, J 12.4, -SCH(H)Ph), 3.36 (lH, d, J 12.4, -SCH(H)Ph), 4.24-4.31 (2H, m, -
COOCH2CH3), 6.12 (lH,s>-NC=CH(H)~6.51 (lH>s~-NC=CH(H)~6.93-6.95 (2H, ID, -
SCH2Ph(H), 7.11-7.16 (3H, ID, -SCH2Ph(H), 7.45 (lH, dt, J 1.6,7.6, ArH), 7.53 (lH, dt, J 
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Appendix 
Aooendix 
Ethyl (3R, 9bS)-9b-methyl-5-oxo-2,3~5,9b-tetrahydroLl~31thiazolol2,3-alisoindol-3-
carboxylate (318t) 
• Single crystal X-ray with accompanying data 
Aooendix A 

Table I. Crystal data and structure refmement for sma21. 
Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 
Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal size 
Theta range for data collection 
Iodex ranges 
Reflections collected 
Independent reflections 
Completeness to theta = 28.61 ° 
Absorption correction 
Max. and min. transmission 
Refineroent method 
Data 1 restraints 1 parameters 
Goodness-of-fit on F2 
Final R indices [I> 2sigma(J)] 
R indices (all data) 
Absolute structure parameter 
Largest diff. peak and hole 
SMA21 
CI4H15N03S 
277.33 
150(2) K 
0.71073 A 
Orthorhombic 
P2(l)2(l)2(l) 
a = 9.8590(7) A 
b = 10.2325(7)A 
c = 13.6430(9) A 
1376.34(16) A' 
4 
1.338 Mg/m3 
0.23 & 1J1Ill-1 
584 
0.26,,--0.26,,--0.09 mm3 
2.49102&.61°. 
a= 90°. 
~= 90°. 
y= 90°. 
_ B<=b..<= 1.2.,..-l3.<=k..<= 13,-17<=1<=18 
11872 
3271 [R(int).= 0.0189] 
95.6% 
Mnltiscan 
1.00000 and 0.947688 
Full-matrix Jeast:.squares __ on F2 
3271/0/172 
L047 
RI = 0.0300, wR2 = 0.0703 
RI = 0.Q392,wR2 = 0.0766 
0.01(7) 
0.210 and. -0.194 e.A:3 
Table 2. Atomic coordinates (x 104) and e'luivalent isotrowc displacement parameters (A 2x 103) 
for sma21. U(eq) is defined as one thirdof the.Jr=-oflkorthogonalized U'i tensor. 
! 
x y z U(eq) 
C(I) 1763'(2):. rsmro,.' 21l\lI(t):. . 40(D 
S(I) 2501(1) 1367(1) 1172(1) 37(1) 
C(2) 913(2) 19%(2)- 640(I} 28(1) 
C(3) 835(2) 3486(2) 670(1) 35(1) 
C(4) 611(2).. 14..420+- . -357(1).. 30(1) 
C(S) 1235(2) 1687(2) -1246(1) 36(1) 
C(6) 721(2) 1068(2) -2073(1) . 41(1) 
C(7) -400(2) 243(2) -2018(1) 41(1) 
C(8) -10 19(1}.. 1(2.).. -ll25U).. 35(1) 
C(9) -493(2) 602(2) -298(1) 30(1) 
C(lO) -901(2) 487(21. 748(1) 31(1) 
0(1) -1722(1) -258(1) 1122(1) 44(1) 
N(I) -128(1) 1180U~ 1254(1).. 29(1) 
C(lI) 234(2) 1184(2) 2273(1) 33(1) 
C(12) -586(2) 2044(2) 2962(1) 32(1) 
0(2) -1245(1) 2977(1) 2725(1) 47.(1 ) 
0(3) -415(1) .1631U)" 1881(1).. 39(1) 
C(I3) -1023(2) 2434(2) 4651(1) 42(1) 
C(14) -461(2) 1952(2) . 5609(1) 48(1) 
Table3. Bond lengths [A] and angles ~o~foc Sl!!a21. 
C(I)-C(II) 1.55Z(Z) C(8J-C(9) 1.385(2) , 
C(I)-S(I) 1.8172(17) C(9)-C(1O) 1.488(2) 
S(I)-C(2) 1.8419(15) C(IO)-O(I) 1.2239(19) 
C(2)-N(I) 1.4675(19) C(IO)-N(l) 1.376(2) 
C(2)-C(4) 1.503(2) N(I)-C(II) 1.449(2) 
C(2)-C(3) 1.527(2) C(II )-C(12) 1.520(2) 
C(4)-C(5) 1.383(2) C(12)-O(2) 1.199(2) 
C(4)-C(9) 1.389(2) C(12)-O(3) 1.335(2) 
C(5)-C(6) 1.391(2) O(3)-C(13) 1.456(2) 
C(6)-C(7) 1.392(3) C(13)-C(14) 1.503(3) 
C(7)-C(8) 1.386(2) 
C(II)-C(I)-S(I) 106.23(11) C(8)-C(9)-C(IO) 130.15(14) 
C(I )-S(I )-C(2) 89.55(7) C(4)-C(9)-C(1O) 108.40(14) 
N(I)-C(2)-C(4) 102.50(12) O(I)-C(lO)-N(I) 124.81(15) 
N(I)-C(2)-C(3) 112.16(13) 0(1 )-C(lO)-C(9) 128.92(15) 
C(4)-C(2)-C(3) 113.03(13) N(I)-C(10)-C(9) 106.25(13) 
N(I)-C(2)-S(I) 102.67(9) C(IO)-N(I )-C(II) 121.74(13) 
C(4)-C(2)-S(I) 113.19(10) C(1O)-N(I)-C(2) 112.67(12) 
C(3)-C(2)-S(I) 112.40(11) C(ll )-N(l )-C(2) 115.78(12) 
C(5)-C(4)-C(9) 120.76(15) N(I)-C(II)-C(l2) 112.43(13) 
C(5)-C(4)-C(2) 129.53(14) N(I)-C(II)-C(I) 107.87(12) 
C(9)-C(4)-C(2) 109.68(13) C(12)-C(II)-C(I) 109.31(14) 
C(4)-C(S)-C(6) 117.86(15) O(2)-C(l2)-O(3) 124.73(15) 
C(5)-C(6)-C(7) 121.44(16) O(2)-C(12)-C(11) 125.66(15) 
C(8)-C(7)-C(6) 120.36(16) O(3)-C(12)-C(II) 109.55(13) 
C(9)-C(8)-C(7) 118.13(15) C(12)-O(3)-C(13) 116.80(13) 
C(8)-C(9)-C(4) 121.43(15) 0(3)-C(13)-C(14) 106.82(15) 
Table 4. Anisotropic displacement parameters (A"" 103) for small. The anisotropic 
displacement factor exponent takes the fonn: _2,,1[ h
' 
a''U" + ... + 2 h k a' b' Ul2] 
U" lP2 U" ut.'" U,.,. 
C(I) 31(1) 53(1) . 14(IJ, 1(I):- -1(I): TO(J) 
S(I) 28(1) 44(1) 39(1) 3(1) 1(1) 7(1) 
C(2) 25(1) 28(1) 32() 4(1L 2(1) 1(1) 
C(3) 33(1) 28(1) 44(1) 2(1) -1(1) -2(1) 
C(4) 27(1) 27(1) . '- . 35(1}. 2(1).. 1(1).. . 4(1) 
C(5) 32(1) 40(1) 37(1) 6(1) 4(1) -1(1) 
C(6) 40(1) 50(1) 32(1). 4(1). 5(1) 5(1) 
C(7) 43(1) 42(1) 37(1) -7(1) -4(1) 5(1) 
C(8) 34(1) 30(1) 42(l~. -1(1).. -1(1)-- -1(1) 
C(9) 27(1) 26(1) 36(1) 2(1) 2(1) 3(1) 
C(IO) 27(1) 30(1) 35(1) 2(1) 3(1) 1(1) 
0(1) 42(1) 46(1) 44(1) 4(1) 7(1) -16(1) 
N(I) 28(1) 30(1) 31(4- 3.(1).. 4(1)-- -2(1) 
C(1l) 35(1) 29(1) 33(1) 3(1) 3(1) 3(1) 
C(l2) 30(1) 32(1) 34(1) -3(1L 00) -4(1) 
0(2) 47(1) 53(1) 42(1) -7(1) -8(1) 17(1) 
0(3) 52(1) 33(1) 3.1(1).. -1(1}. .. 5W- -1(1) 
C(13) 44(1) 46(1) 37(1) -12(1) 3(1) -7(1) 
C(14) 56(1) 55(1) 35(1) -7(1) 6(1) -16(1) 
Table 5. Hydrogen coordinates (x 104) and isotropiJ>. displacemenlparameters(A'x IO 3) 
for sma21. 
x y z U(eq) 
H(IA) 2201 8KI 2846 47 
H(IB) 1883 2406 2645 47 
H(3A) 1039 3791 1335 53 
H(3B) -80 3768 485 53 
H(3C) 1495 38li. 210 53 
H(5) 1990 2261 -1289 44 
H(6) 1143 1212 -2690 49 
H(7) -741 -156 -2597 49 
H(8) -1783 -561- -1.080 43 
H(II) 82 247 2450 39 
H(\3A) -2023 2344 4641 51 
H(\3B) -791 3367 4553 51 
H(l4A) -849 2.462.. 6L41L 73 
H(14B) 528 2051 5609 73 
H(l4C) -694 1028 5694 73 
Table 6. Torsion angles [0] for sma21. 
I 
C(II)-C(l)-S(I)-C(2) " 34".70(I2) C(4J-C(9y.:C(TOY-N(I) 7.00(17) , 
C(1)-S(I)-C(2)-N(l ) -38.30(11) 0(1 )-C(IO)-N(I)-C(II) 26.8(2) 
C(l )-S(I )-C(2)-C( 4) -148.02(12) C(9)-C(10)-N(I)-C(II) -151.53(13) 
C(I )-S(I)-C(2)-C(3) 82.42(13) 0(1 )-C(IO)-N(l)-C(2) 171.13(15) 
N(l)-C(2)-C(4)-C(5) 178.18(15) C(9)-C(10)-N(I)-C(2) -7.17(16) 
C(3)-C(2)-C(4)-C(5) 57.2(2) C( 4 )-C(2)-N(l )-C(I 0) 4.59(16) 
S(I )-C(2)-C(4)-C(5) -71.99(19) C(3)-C(2)-N(I)-C(10) 126.12(14) 
N(I )-C(2)-C(4)-C(9) 0.08(16) S(I )-C(2)-N(I)-C(IO) -Il3.00(l2) 
C(3)-C(2)-C(4)-C(9) -120.86(14) C(4)-C(2)-N(I)-C(II) 151.19(13) 
S(l)-C(2)-C(4)-C(9) 109.92(13) C(3)-C(2)-N(l)-C(II) -87.28(16) 
C(9)-C(4)-C(5)-C(6) 0.0(2) S(I)-C(2)-N(l)-C(1I ) 33.60(15) 
C(2)-C(4)-C(5)-C(6) -177.90(15) C(1O)-N(1 )-C(II )-C(l2) -104.73(16) 
C(4)-C(5)-C(6)-C(7) 1.0(2) C(2)-N(I)-C(11 )-C(12) 111.95(15) 
C(5)-C(6)-C(7)-C(8) -1.1(3) C(1O)-N(l)-C(II)-C(I) 134.68(15) 
C(6)-C(7)-C(8)-C(9) 0.1(2) C(2)-N(I)-C(1I )-C(I) -8.64(18) 
C(7)-C(8)-C(9)-C( 4) 1.0(2) S(I)-C(I)-C(Il )-N(I) -21.24(16) 
C(7)-C(8)-C(9)-C(l0) -177.16(16) S(I)-C(I)-C(II)-C(l2) -143.77(12) 
C(5)-C(4)-C(9)-C(8) -1.0(2) N(I)-C(ll )-C(12)-0(2) -15.3(2) 
C(2)-C(4)-C(9)-C(8) 177.27(14) C(I)-C(lI)-C(12)-0(2) 104.42(19) 
C(5)-C(4)-C(9)-C(1O) 177.46(14) N(I)-C(l1 )-C(12)-0(3) 167.37(12) 
C(2)-C(4)-C(9)-C(1O) -4.25(17) C(1)-C(II)-C(l2)-0(3) -72.88(16) 
C(8)-C(9)-C(10)-O(I) 7.1(3) 0(2)-C(12)-O(3)-C(13) -3.3(2) 
C(4)-C(9)-C(10)-0(1) -171.21(16) C(11 )-C(12)-0(3)-C(13) 174.06(13) 
C(8)-C(9)-C(IO)-N(I) -174.70(15) C(12)-0(3)-C(13)-C(l4) -168.52(14) 
(4R)-EthyI-6-oxo-3, 4-dihydro-6H-[ I, 4]thiazino[3,4-a ]isoindole-4-carboxylate (427) 
• Single crystal X-ray with accompanying data 
Aooendix B 

Table 1. Crystal data and structure refmementfor srna 10. 
Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelengfu 
Crystal system 
Spacegronp 
Unit cell dimensions 
Volnme 
Z 
Density (calculated) 
Abso'l'tion coefficient 
F(QQQ) 
Crystal size 
Theta range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to theta = 25 . .0.0° 
Abso'l'tion correction 
Max. and min. transmission 
Refinement method 
Data 1 restraints 1 parameters 
Goodness-of-fit on F2 
Final R indices [1>2sigma(I)] 
R indices (all data) 
Absolute structnre parameter 
Largest diff. peak and hole 
srnalQ 
C,JI13NO,S 
275.31 
15.0(2) K 
.0.71.073 A 
Orthorhombic 
P2,2,2, 
a= 8.7927(5) A 
b = ll.2445(7).A. 
c = 13.5542(8) A 
134Q.lQ(l4)A3 
4 
1.365 Mg/m3 
Q.244mm-' 
576 
.0.28 x..o.2ix.O.08 mm3 
a= 9.0°. 
(3= 9.0°. 
y= 9.0°. 
2.35 to 25 . .0.0°. 
-1O<=~<=IO,.-13<=k<=13~-16<=1<=15 
9739 
2364 (R(int~ = .0 . .0169] 
10.0 . .0% 
Emp.iricaI 
1..0.0.0 and .0.942 
fulJ-matrix Jeast-s.qua.ms..on F2 
2364/.01172 
1...095 
RI =.0 . .048.0, wR2 = .0.1214 
RI = .0 . .05.09, wR2 =.0.125.0 
-0 . .06(1 I) 
0.682..and.-O.2116 ek3 
Table 2. Atomic coordinates (x 104) and e'l!'ivalent isotroI1ic dis[1lacement I1arameters (A'x 103) 
for srnalO. U(eq) is defined as one thirdof the..trace..oflhe.orthogonalized U'i tensor. 
x y- z U(eq) 
C(I) 10482(3J.. : 1S52(3J_. 1I!9.(ZJ.. 40(0 
S(I) 9233(1) 7523(1) 8150(1) 43(1) 
C(2) 80460)", 8763(2).. 8084(2). 34(1) 
C(3) 7935(3) 9477(2) 7299(2) 32(1) 
C(4) 7055.(1). J.Q5'ZzaJ.-. 7161(.4.. 33(1) 
C(5) 6045(3) 11155(2) 7777(2) 36(1) 
C(6) 5416(3) 12215(2). 7434(2). 40(1) 
C(7) 5782(3) 12673(3) 6504(2) 41(1 ) 
C(8) 6791(3).. . 1209\(2)... 5&95(2)... 40(1) 
C(9) 7407(3) 1l030(2) 6226(2) 32(1) 
C(IO) 8483(3) 10208(2). 5742(2) 33(1) 
0(1) 9069(2) 10269(2) 4921(1) 39(1) 
N(1) 8752(2).. . 2311(2).. 6ill(2). 32(1) 
C(ll) 9586(3) 8231(2) 6209(2) 34(1) 
C(12) 85050) 7268(2} 5830(2) 37(1) 
0(2) 7209(2) 7443(2) 5585(2) 45(1) 
0(3) 9219(3).. 6224(2) .. 5802(2) . 46(1) 
C(13) 8339(4) 5216(3) 5415(3) 55(1) 
C(14) 8428(4) 5176(3)... 43180) . 61(1) 
Table3. Bond lengths [A] and angl.e&["~ SOldO. 
C(1)-C(1I) 1.5:l4(4} C(8}-C(9J 1.384(4) 
C(1)-S(1) 1.816(3) C(9)-C(IO) 1.477(4) 
S(I)-C(2) 1.744(3) C(1O)-O(J) 1.228(3) 
C(2)-C(3) 1.337(4) C(lO)-N(1) 1.375(3) 
C(3)-N(1) 1.413(3) N(I)-C(U) 1.447(3) 
C(3)-C(4) 1.466(4) C(11 )-C(12) 1.530(4) 
C(4)-C(5) 1.383(4) C(12)-O(2) 1.202(3) 
C(4)-C(9) 1.405(4) C(12)-O(3) 1.331(3) 
C(5)-C(6) 1.393(4) O(3)-C(13) 1.470(4) 
C(6)-C(7) 1.399(4) C(l3)-C(14) 1.489(5) 
C(7)-C(8) 1.378(4) 
C(U )-C(1 )-S(1) 111.58(19) C(4)-C(9)-C(1O) 108.2(2) 
C(2)-S(I)-C(I) 99.14(13) O(I)-C(10)-N(I) 124.5(3) 
C(3)-C(2)-S(I) 124.4(2) O(I)-C(10)-C(9) 129.5(3) 
C(2)-C(3)-N(1) 124.2(2) N(I)-C(IO)-C(9) 106.0(2) 
C(2)-C(3)-C(4) 130.0(2) C(10)-N(I)-C(3) 112.3(2) 
N(1)-C(3)-C(4) 105.7(2) C(10)-N(1)-C(11) 125.2(2) 
C(5)-C(4)-C(9) 120.8(3) C(3)-N(I)-C(I1) 121.9(2) 
C(5)-C(4)-C(3) 131.4(2) N(l)-C(ll)-C(I) 110.0(2) 
C(9)-C(4)-C(3) 107.8(2) N(I)-C(ll )-C(12) 110.1(2) 
C(4)-C(S)-C(6) 117.4(3) C(1)-C(II)-C(l2) 113.3(2) 
C(5)-C(6)-C(7) 121.6(3) O(2)-C(l2)-O(3) 125.7(3) 
C(8)-C(7)-C(6) 120.9(3) O(2)-C(12)-C(11 ) 124.4(3) 
C(7)-C(8)-C(9) 117.8(3) O(3)-C(l2)-C(II) 109.9(2) 
C(8)-C(9)-C(4) 121.5(3) C(12)-O(3)-C(13) 116.2(2) 
C(8)-C(9)-C(10) 130.3(3) O(3)-C(13)-C(14) 110.6(3) 
Table 4. Anisotropic displacement parameters (AOX.JJl3).fru:.sm.alO_ The aniSQtropic 
displacementfactor exponent takes the fonn: _21t2[ b2 .*1U" + ... + 2 b k.* b* U12] 
U" U22 
C(I) 36(1) 46(2) 3T(IJ 2(fI 4(f) 9(1) . 
S(I) 45(1) 47(1) 36(1) 11(1) 4(1) 12(1) 
C(2) 35(1) 38(1) 30(1) 1(1) 1(1) 2(1) 
C(3) 29(1) 35(1) 31(1) -1(1) -1(1) -1(1) 
C(4) 27(1) 37(1) 34(1) 2(1) -50} -5(1) 
C(5) . 36(1) 38(1) 35(1) 0(1) 1(1) -5(\) 
C(6) 37(1) 38(2) 45(2) -5(1) -2(1) 2(1) 
C(7) 40(1) 38(2) 44(2) 4(1) -3(1) 4(1) 
C(8) 43(2) 39(1) 37(2) 3(l} -5(1) 0(1) 
C(9) 32(1) 33(1) 31(1) 0(1) -4(1) -5(1) 
C(lO) 37(1) 36(1) 27(1) -2(1) -5(1) -7(\) 
0(1) 46(1) 42(1) 30(1) 3(1) 2(1) 1(1) 
N(l) 35(\) 30(\) 32(1) 3(1) \(1) 0(1) 
C(1I) 33(1) 36(1) 33(1) 2(1) 4(1) 0(\) 
C(12) 44(2) 37(2) 31(1) -1(1) 6(1) 1(1) 
0(2) 35(1) 46(1) 55(1) -7(\) -5(1) 1(1) 
0(3) 50(1) 34(1) 53(1) 0(11 00) 5(1) 
CC\3) 66(2) 32(2) 66(2) -5(1) 4(2) 0(1) 
C(14) 59(2) 55(2) 68(2) -17(2) -2(2) 9(2) 
Table 5. Hydrogen coordinates (x 104) andisOlropHulisp1acementparameters (A..2x 10 3) 
forsmol0. 
x y z U(eq) 
H(IA) 11191 8497 7309 48 
H(lB) 11093 7138 6960 48 
H(2) 7438 8943 8643 41 
H(5) 5790 10846 8407 44 
H(6) 4723 12638 7842 48 
H(7) 5327 13394 6290 49 
H(8) 7056 12407 5268 48 
H(II) 10334 8407 5672 41 
H(13A) 7263 5294 5620 65 
H(I3B) 8742 4465 5692 65 
H(14A) 7835 4499 4073 91 
H(14B) 9492 5086 4115 91 
H(14C) 8016 5915 4044 91 
Table 6. Torsion angles ['] for smaI O. 
C(11)-C(I)-S(I)-C(2) -46.4(2) C(4}C(9)-C""(lO)-N(I) -1.2(3) 
C(I )-S(I )-C(2)-C(3) 16.5(3) 0(1 )-C(I O)-N(I )-C(3) 179.5(2) 
S(I)-C(2)-C(3)-N(I) 0.&(4). C(9).,C(l.O).-N(l}C(3) 0.2(3) 
S(I)-C(2)-C(3)-C(4) -176.4(2) 0(1)-C(10)-N(I)-C(11) -9.1(4) 
C(2)-C(3)-C(4)-C(5) -3.2(5}.. C(9)-C(1 O).-N(I ).,C(II) 171.6(2) 
N(I )-C(3)-C(4 )-C(5) 179.2(3) C(2)-C(3)-N(I)-C(IO) -177.0(3) 
C(2)-C(3)-C(4)-C(9) 176.Q(3).. C(4.)-C(3)-N(l).-C(lO) 0.S(3) 
N(I)-C(3)-C(4 )-C(9) -1.6(3) C(2)-C(3)-N(I)-C(1\) 11.3(4) 
C(9)-C(4)-C(5)-C(6) -0.9(4) C(4).-C(3)-N(l).-C(\ I). -170.9(2) 
C(3)-C(4)-C(5)-C(6) 17S.3(3) C(1O)-N(I)-C(11 )-C(I) 145.1(2) 
C(4)-C(5)-C(6)-C(7) 0.4(4). C(3)-N(l)-C(ll)-C(I). -44.2(3) 
C(5)-C(6)-C(7)-C(S) -0.5(4) C(lO)-N(l )-C(II )-C(l2) -89.3(3) 
C(6)-C(7)-C(S)-C(9) 1.2(4). C(3),N(I).-C(\ 1)-C(l2). SI.3(3) 
C(7)-C(S)-C(9)-C( 4) -I.S(4) S(I )-C(I)-C(l\)-N(I) 62.2(3) 
. ". ". ''C(7)'C(8)-C(9)-C(10) l7'2_0(3).. S(l}C(l).-C(ll).-C(l2).. . -61.5(3) 
C(5)-C( 4 )-q9)'C(S) 1.7(4) N(I )-C(II )-C(12)-0(2) 11.2(4) 
C(3)-C(4)-C(9)-C(S) -177.7(2). C(l).-C(lI)-C(\2)-0(2). 134.9(3) 
C(5)-C(4)-C(9)-C(l0) -178.9(2) N(l)-C(II)-C(12)-0(3) -169.6(2) 
C(3)-C(4)-C(9)-C(IO) 1.7(3.). C(l)-C(ll).-C(U+-O(3.).. -45.9(3) 
C(S)-C(9)-C(IO)-O(I) -1.1(5) 0(2)-C(12)-0(3)-C(13) 1.5(4) 
C(4)-C(9)-C(10)~I) 179.6(3). C(ll).-C(\2)-O(3)-C(13) . -177.7(2) 
C(8)-C(9)-C(IO)-N(I) 17S.I(3) C(l2)-0(3)-C(\3 )-C(14) 84.9(3) 
(6S, 11 bR)-6-(Hydroxymethyl)-9, IO-di(methoxy)-1,3,4,6, 7,11 b-hexahydro-2H-pyrido[2, l-
a liso~uinolin-4-one (506) 
• Single crystal X-ray with accompanying data 
Aooendix C 

Table I. Crystal data and structure refinement for sma9. 
Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Spacegronp 
Unit cell dimensions 
Volume 
Z 
Densily (calculated) 
AbsOIption coefficient 
F(OOO) 
Crystal size 
Theta range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to theta = 28.62° 
AbsOIption correction 
Max. and min. transmission 
Refinement method 
Data I restraints 1 parameters 
Goodness-of-fit on F2 
Final R indices [1>2sigma(I)] 
R indices (all data) 
Absolute structure parameter 
Largest diff. peak and hole 
sma9 
C}JI2}NO, 
291.34 
150(2) K 
0.71073A 
Orthorhombic 
P2}2}2} 
a=7.13:i5(6)A 
b = 9.2lU6{a~A.. 
c = 22.038(2) A 
1459.5(2) A' 
4 
1.326 Mg/m' 
0.095 mm'} 
624 
0.32 x 0.20 x 0.11 mm3 
1.85 to 28.62°. 
a=900. 
13= 90°. 
-9<=h<=9, -12<=k<=12, -29<=1<=28 
12479 
3427 [R(iut) = 0.0192] 
94.7% 
Empirical 
1.000 and 0.958 
Full-matrix least·squares on F' 
3427/01192 
~51 
RI =0.0343, wRZ =0.0815 
RI = 0.0398, wRZ = 0.0847 
0.4(9) 
0.222.and.. -Ol'Z8 e.A:J 
Table 2. Atomic coordinates (x 10') and. equivalent isotmpic displaooment parameters (A.."Js. 103) 
for sma9. U( eq) is defmed as one third of the trace of the orthog9nalized U'i tensor. 
x y z U(eq) 
0(1) 6562(IJ 9042(IJ -fJ8(1I 37(1} 
C(I) 5910(2) 9460(1) -656(1) 25(1) 
C(2) 7163(2) 8845(2) -1147(1) 29(1) 
C(3) 6241(2) 8540(2) -1757(1) 36(1) 
C(4) 4800(2) 9707(2) -1885(1} 32(1) 
C(5) 3278(2) 9631(2) -1403(1) 25(1) 
C(6) 16%(2) 10710(1) -1506(1) 23(1) 
C(7) 828(2) 10725(1) -2082(1) 24(1) 
C(8) -696(2) 11606(2) -2197(1) 25(1) 
0(2) -1623(2) 11705(1) -2744(1) 33(1) 
C(9) -984(3) 10795(2) -3223(1) 36(1) 
C(IO) -1421(2) 12476(2) -1728(1) 26(1) 
0(3) -2969(2) 13279(1} -1879(1) 34(1) 
C(ll) -3935(3) 13970(2) -\390(1) 45(1) 
C(12) -576(2) 12460(2) -1163(1) 26(1) 
C(13) 997(2) 11590(2) -1049(1) 24(1) 
C(14) 1853(2) 11584(2} -421(1} 28(1) 
C(15) 2812(2) 10152(2) -287(1) 26(1) 
C(16) 1445(2) 8891(2) -203(1) 28(1) 
0(4) 186(2) 9140(1) 287(1) 36(1) 
N(I) 4\09(2) 9797(1} -789(1} 25(1) 
Table 3. Bond lengths [AJ and angles ["ifor sma9. 
O(I)-C(I) 1.24ZT(I7} C(8)~qrOJ 1.4102(19) 
C(I)-N(I) 1.3548(18) O(2)-C(9) 1.4269(17) 
C(1)-C(2) 1.515(2). C(IQ)-Q(3).. l.3722(F) 
C(2)-C(3) 1.523(2) C(l0)-C(12) 1.3844(19) 
C(3)-C(4) 1.520(2}. O(3).-C(ll) 1.4311(19) 
C(4)-C(5) 1.5208(19) C(12)-C(13) 1.4051(19) 
C(5)-N(I) 1.4853(16). C(1l),C(14.).- 1.5124(18) 
C(5)-C(6) 1.5261(19) C(14)-C(15) 1.524(2) 
C(6)-C(13) 1.3 896(18).. C(15).-N(1}. 1.4786(18) 
C(6)-C(7) 1.4132(18) C(15)-C(16) 1.535(2) 
C(7)-C(8) 1.3836.(12).. C{l6)-Q(4.). L4.239S18) 
C(8)-O(2) 1.3767(16) 
O(l)-C(I)-N(I) 121.49(13}. O(3)-C(10)-C(l2) 125.03(13) 
O(l)-C(I)-C(2) 119.04(12) O(3)-C(IO)-C(8) 115.38(12) 
N(I)-C(I)-C(2) 119-41(12)... C(l.2.}C{lQ)-C(8).. 119..5.8(13) 
C(1)-C(2)-C(3) 116.47(12) C(10)-O(3)-C(11) 116.65(1 I) 
C(4)-C(3)-C(2) 108.91(12) C(10):C(l2)-C(13) 121.02(13) 
C(3)-C(4)-C(5) 108.67(13) C(6)-C(13)-C(12) 119.64(12) 
N(I)-C(5)-C(4) 110.32{U).. C(6)-C(l.3}C(14).. l2l.O8~12) 
N(I)-C(5)-C(6) 111.26(11) C(12)-C(13)-C(14) 119.23(12) 
C(4)-C(5)-C(6) 113.17(12) C(l3 )-C(l4 )oC(l5}. 111.19(11) 
C(13)-C(6)-C(7) 119.24(12) N(I)-C(15)-C(14) 109.30(11) 
C(13)-C(6)-C(5) 122.91(12).. N(l}C(l5)-C(l6). 108..5.4{1 I) 
C(7)-C(6)-C(5) 117.69(11) C(14)-C(l5)-C(16) 113.82(12) 
C(8)-C(7)-C(6) 121.01(12). O(4).-C(l6)-C(15). 111.59(12) 
O(2)-C(8)-C(7) 125.24(13) C(I)-N(I)-C(15) 118.89(11) 
O(2)-C(8)-C(IO) 115.27(12). C(l)-N(l)-C(5) . 123.4.7(JI) 
C(7)-C(8)-C(IO) 119.49(12) C(15)-N(I)-C(5) 117.05ctO) 
C(8)-O(2)-C(9) 117.03(JI) 
Table 4. Anisotropic displacement parameters (AX.,li}3).fru:.sma!L The anisotropic 
displacementfactor exponent takes the form: _2X2[ h' a*'U1I + ... + 2 h k.* b* ut'] 
Ull U" ~. 
0(1) 26(1) 39(1) :;0(11 -Z(II -7(IJ I(TJ 
C(I) 22(1) 22(1) 31(1) 2(1) -3(1) -3(1) 
C(2) 23(1) 31(1) 34(1) 1(1) -2(1) 1(1) 
C(3) 27(1) 44(1) 38(1) -12(1) 0(1) 4(1) 
C(4) 25(1) 44(1) 26(1} -7QL -2(1} 3(1) 
C(5) 23(1) 26(1) 25(1) -4(1) -5(1) -1(1) 
C(6) 22(1) 23(1) 24(1) 0(1) 0(1) -1(1) 
C(7) 25(1) 24(1) 23(1) -3(1) 1(1) 1(1) 
C(8) 29(1) 25(1) 23(1) 2(1) -I(l} 0(1) 
0(2) 38(1) 36(1) 23(1) -1(1) -5(1) l3(1) 
C(9) 43(1) 42(1) 24(1) -5(1) -6(1) ll(l) 
C(10) 29(1) 23(1) 26(1) 3(1) 3(1) 4(1) 
0(3) 39(1) 36(1) 27(1) 3(11 1(l} 16(1) 
C(ll) 47(1) 54(1) 33(1) 2(1) 5(1) 25(1) 
C(12) 32(1) 22(1) 24(1) 0(1) 3(1) 3(1) 
C(l3) 26(1) 22(1) 23(1) 0(1) 0(1) -3(1) 
C(14) 30(1) 29(1) 24(1) -4(l1 -2(l} 0(1) 
C(15) 23(1) 31(1) 22(1) -2(1) -5(1) 1(1) 
C(16) 25(1) 34(1) 26(1) 3(1) -2(1) -1(1) 
0(4) 25(1) 56(1) 28(1) 3(1) -3(1) -3(1) 
N(I) 21(1) 29(1) 24(1) -2(l1 -2(1) -1(1) 
Table 5. Hydrogen coordinates ( x 104) and isotropic disl1lacement J1.rameters (A'x 10 3) 
forsma9. 
x y z lJ(eq) 
H(2A) 77Il 7934 -994 35 
H(2B) 82II 9525 -1214 35 
H(3A) 7201 8530 -2081 44 
H(3B) 5623 7586 -1748 44 
H(4A) 4245 9560 -2292 38 
H(4B) 5407 10665 -1877 38 
H(5) 2716 8646 -1423 30 
H(7) 1297 10121 -2395 29 
H(9A) 336 IlOO4 -3309 55 
H(9B) -1736 10971 -3588 55 
H(9C) -Il 13 9785 -3101 55 
H(IIA) -4319 13246 -1091 67 
H(IlB) -5047 14464 -1547 67 
H(IlC) -3102 14672 -1197 67 
H(12) -1067 13046 -847 31 
H(l4A) 860 Il758 -Il6 33 
H(14B) 2781 12374 -389 33 
H(15) 3562 10260 94 31 
H(16A) 719 8751 -581 34 
H(16B) 2164 7998 -124 34 
H(4) -862 9393 104 40 
Table 6. Torsion angles [0] for sma9. 
0(1)-C(1)-C(2)-C(3) I75..4.4"('I3J cm,C(6J-C(llJ:..qUJ.: 1:1(2) 
N(I)-C(I)-C(2)-C(3) -4.4(2) C(S)-C(6)-C(13)-C(l2) -174.07(12) 
C(I)-C(2)-C(3)-C(4) 36.68(18).. C(7),C(6).-C(m-C(l4 ). 178.57(12) 
C(2)-C(3)-C(4)-C(S) -63.22(16) C(S)-C(6)-C(l3)-C(l4) 3.4(2) 
C(3)-C(4)-C(S)-N(I) 57.57(15i.. can)'C(l2}CQ3}C(6). -1.3(2) 
C(3)-C(4)-C(S)-C(6) -177.0S(II) C(10)-C(12)-C(13)-C(l4) -178.82(13) 
N(I)-C(S)-C(6)-C(13) -7.67(18).. C(6),C(13),C(l4),C(lS). -2S.60(l8) 
C(4)-C(S)-C(6)-C(13) -132.S4(14) C(12)-C(13)-C(14)-C(IS) ISl.93(12) 
N(I)-C(S)-C(6)-C(7) 177..l3(L~ C(L3}C(l4}.C(l5)-N(I) 5L3~IS) 
C( 4 )-C(S)-C(6)-C(7) S2.26(16) C(13)-C(14)-C(IS)-C(16) -70.18(IS) 
C(13)-C(6)-C(7)-C(S) 0.4(2). N(.1),C(IS),C(16),O(4). 178.19(11) 
C(S)-C(6)-C(7)-C(8) 175.74(13) C(14 )-C(IS)-C(16)-O( 4) -S9.88(IS) 
C(6)-C(7)-C(8)-O(2) 17HL(L3).. Om-C(l}N(I),C(15).. -LO.S(2) 
C(6)-C(7)-C(8)-C(IO) -l.6(2) C(2)-C(1 )-N(I)-C(15) 169.40(12) 
C(7)-C(8)-0(2)-C(9) l.7(2)._ O(I).-C(.1).-N(l)-C(5) 17S.5S(13) 
C(IO)-C(8)-O(2)-C(9) -177.32(13) C(2)-C(I)-N(I)-C(S) -l.6(2) 
O(2)-C(8)-C(10)-O(3) LLO(l9.).. C(1A.}C(l5}N(L}C(l). 128Jl6(13) 
C(7)-C(8)-C(IO)-O(3) -177.99(12) C(16)-C(IS)-N(1 )-C(I) -107.29(14) 
O(2)-C(8)-C(10)-C(12) -179.51(13)... C(.14 ).-C(.1S).-N (.1 ).-C(5). -60.40(IS) 
C(7)-C(8)-C(IO)-C(12) l.4(2) C(16)-C(lS)-N(I)-C(S) 64.2S(IS) 
C(l2)-C(IO)-0(3)-C(II) -10J.(2)... ~C(5}Nm-.C(l).. -2.5..3..8(18) 
C(S)-C(10)-O(3)-C(II) 169.22(14) C(6)-C(S)-N(I)-C(I) -ISl.84(13) 
O(3)-C(10)-C(l2)-C(13) 179.34(13). C(.4),C(5}N(l).-C(15).. 163.51(12) 
C(8)-C(10)-C(12)-C(13) 0.0(2) C(6)-C(S)-N(I)-C(15) 37.0S(l6) 
Table 7. Hydrogen bonds for sma9 [A and 0]. 
D-H ... A d(D-H) a(Ir..A) d(IJ ... A) <(DHA) 
O(4)-H(4) ... O(I)#1 0.88 f.9T T65:J 
Symmelly transformations used to general<teqniYaTent atoms' tnx- I;y z 
H3eo 
~o 
(12bR)-9, 1 O-Di(methoxy)-S,6,8, 12b-tetrahydro[ 1 ,3Jdioxolo[ 4,5-gJisoindolo[ 1 ,2-
aliso~uinoline-8-one (601) 
• lH NMR with expansions 
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